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Foreword 


Like many works of its kind, this book grew out of a need to synthesize sci¬ 
entific information and thinking, and to apply it to real-world problems 
for which there were no easy or obvious solutions. Throughout the 1990s 
and early 2000s, the federal agencies tasked with implementing the North¬ 
west Forest Plan in the Pacific Northwest were challenged by the need to 
inventory and conserve populations of well over 300 species that were 
believed to be associated with old-growth forests, and whose status was 
possibly imperiled. The vast majority of those taxa were either exceedingly 
rare or were so poorly understood that their status could not be deter¬ 
mined with any degree of confidence. The costs and technological chal¬ 
lenges of carrying out a conservation program for such a large number of 
organisms (and moreover doing so in an environment with significant 
uncertainty and political controversy) were staggering. 

At the time, biodiversity conservation science relevant to these problems 
basically boiled down to a debate about what has come to be termed "coarse 
filter" versus "fine-filter" approaches, and many questions were being 
raised that today remain unanswered. Examples of attempts to integrate the 
two approaches, with an adequate track record upon which to judge success, 
were (and remain) hard to find. The Northwest Forest Plan agencies decided 
to convene a symposium (Innovations in Species Conservation: Integrative 
Approaches to Address Rarity and Risk. September 30-October 1, 2003, 
Portland, Oregon, http:/outreach.cof.orst.edu/isc/index.htm) that would air 
the biological, ecological, and social issues associated specifically with the 
conservation of large numbers of rare or little-known taxa from across the 
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Foreword 


spectrum of life forms. As a follow-up to the symposium, the authors of 
this book were asked to further synthesize relevant information from their 
respective fields, and craft a framework of concepts and information that 
could be used both to ease the Northwest Forest Plan situation and to more 
generally advance the state-of-the-art of biodiversity conservation. Fol¬ 
lowing are some of the questions they were asked to address: 

• What are some alternative approaches to conservation of rare 
or little-known species? What are their goals, and what is the 
likelihood they will be successful? 

• How do different groups of constituents in society feel about 
these approaches? 

• What are the economic implications? 

• What are the legal and policy requirements associated with 
different conservation approaches? 

• What constraints are imposed on land management and natu¬ 
ral resource use by the various approaches? 

As a result of grappling with these and other questions, the authors of 
this book are able to present many elements of the solution set for conser¬ 
vation of rare or little-known species, especially within a broader context 
of sustainable ecosystem management. This is a unique work in its focus 
on the rare or little-known components of biodiversity, and in the blend¬ 
ing of the biological and social disciplines in envisioning how to care for 
those components. This book should provide a valuable resource for any¬ 
one—land manager, policy-maker, scientist, or member of the public— 
who cares about the conservation of organisms that are cryptic, often over¬ 
looked, and problematic to protect. 

Nancy Molina 
December 2006 
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Introduction 

Martin G. Raphael and Bruce G. Marcot 


Conservation and restoration of biological diversity are often- 
stated objectives of land management. Doubtless, most natural resource 
managers will say they are achieving those objectives. But how can this be 
determined? The term "biological diversity" has been given many defini¬ 
tions (see Baydack and Campa 1999 for a listing of 19 alternatives), and 
most of these emphasize the variety of life and its processes. Much of this 
variety pertains to various aspects of species—their presence, distribution, 
occurrence within ecological communities, gene pool diversity, ecological 
functions, and other parameters—about which we know little, if anything 
for most species. 


What's in This Book 

The authors of this book describe a variety of approaches that move natural 
resource management toward the goal of achieving biological conservation, 
particularly species conservation. Natural resource managers usually focus 
on conservation practices that address only the larger and better-known taxa. 
This book focuses on the rare or little-known taxa, particularly species. 

What is meant by "rare" or "little known"? Figure 1.1 illustrates the set 
of species the authors are addressing. Consider a large planning area and the 
assemblage of species that occur there (denoted as set A). Among those 
species are those that are rare (set B; as described in chap. 3) and those that 
are little known (set D; as described in chap. 4). One might wish to focus on 
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CONSERVATION OF RARE OR LITTLE-KNOWN SPECIES 



Figure 1.1. The species "universe." Set A represents all species in a given plan¬ 
ning area. Set B represents all species in A that are rare. Set D represents all species 
in A that are little known. The area of overlap between sets B and D (labeled as C) 
is the set of species that are both rare and little known. The union of sets B and D 
is the set of species that are rare or little known. 


the set of rare species, which might be at risk due to their small population 
size and increased vulnerability to disturbance. But one must not ignore the 
little-known species, because many of these, if we did know more about 
them, also might prove to be at risk because they are rare or because they 
are also vulnerable to changes in their environment. Conceptually, it is the 
combined sets of species B and D that define the group of species we call rare 
or little known. And perhaps the more vulnerable subset of these species are 
those that are both rare and little known (species set C; discussed in chap. 5). 

The authors of this book evaluate how well various conservation 
approaches provide for rare or little-known species, either directly or indi¬ 
rectly. A few conservation strategies are fairly well aimed at providing for 
such species, but most focus on other aspects of biological diversity and con¬ 
serve such species at best opportunistically or incidentally. For these strate¬ 
gies, the bottom line for conserving such species is largely that "it depends" 
on how the strategies are specified and implemented. The authors discuss 
the legal, biological, sociological, political, administrative, and economic 
dimensions by which conservation strategies can be gauged, to help man¬ 
agers determine which strategy or combination of strategies would best 
meet their goals and objectives. There are no fixed, single, or easy answers. 

This book focuses primarily on terrestrial ecosystems and rare or little- 
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known species associated with those systems. However, rarity concepts 
surely extend to aquatic, riparian, and wetland systems, and the authors 
provide some examples from these ecosystems when relevant to overall 
objectives. It is outside the scope of this book, however, to provide detailed 
discussions of river (fish) and marine issues. 

This work was also prompted by the need to provide information on 
alternative approaches that could complement single-species assessment 
and management. Taking a strictly species-specific approach has proven 
difficult and expensive, particularly the collection of basic inventory data 
(Molina et al. 2006). Alternative ways of managing multiple species, 
including those rare or little-known, as well as ecological systems under 
scientifically credible approaches might help complement species-specific 
approaches currently in use. 

How can rare or little-known species be managed effectively? There are 
many possible approaches to conceptualizing, assessing, managing, and 
monitoring rare or little-known species. In this book, the authors provide 
a classification of such approaches, offer a summary of the theoretical and 
conceptual foundations of each approach, evaluate each approach's efficacy 
in conserving rare or little-known species, and review how each has been 
used in assessments, management plans, and monitoring activities. The 
goal is to give land managers access to this diverse literature and to pro¬ 
vide them with the basic information they need to select those approaches 
that best suit their conservation objectives and ecological context. 

The book suggests an overall procedure by which management 
approaches can be identified (fig. 1.2). This entails first describing the legal, 
social, economic, administrative, political, and ecological requirements and 
considerations for the management question (discussed here and in chap. 
2). The next step is to articulate the overall social, economic, and ecologi¬ 
cal management goals (chap. 2) and then to identify the rare or little- 
known species to address (chaps. 3, 4, and 5). Then one conducts a risk 
assessment that identifies key threats to the species and system factors and 
possible management sideboards (chaps. 6, 7, and 8). From this assessment, 
one can identify the management approach or combination of approaches 
that best addresses the specific risk factors (chaps. 6, 7, and 8), and then 
evaluate the approaches for their social, economic, ecological, and adminis¬ 
trative application (chaps. 8, 9, 10, and 11). A final selection of approaches 
is made (chap. 12), and a program to monitor and evaluate success of meet¬ 
ing the goals is implemented (chaps. 11 and 12). Results of monitoring can 
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Figure 1.2. Flow chart of the process for selecting and testing alternatives to con¬ 
servation of rare or little-known species as discussed in this book. A fuller version 
of this process with explanation of each step is presented in chapter 12. 


be used to revisit the goals, the species selected, the risk assessment, and 
the set of approaches selected. In the end, our objective is to provide a thor¬ 
ough scientific evaluation of approaches and management options for con¬ 
serving rare or little-known terrestrial species. 


Why Should Land Managers Care about Conserving 
Rare or Little-Known Species? 

Land managers should be concerned about rare or little-known species for 
ethical, ecological, and legal reasons. 


Rare or Little-Known Species Contribute to Biodiversity 

The reasons may mirror the many practical and ethical reasons given for 
conserving nature itself—preserving potential future sources of drugs and 
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pharmaceuticals, protecting native pollinators of our food plants, "saving 
all the pieces" to ensure that the system works, acknowledging the "exis¬ 
tence value" of other life forms on Earth, and so on. Bolger (2001) pointed 
out that, although we do not fully understand how biological diversity 
provides for ecological functions in ecosystems, assuring some level of 
redundancy in species and their functions, and protecting species that have 
particularly salient functions ("keystones"), are probably important for 
maintaining system stability. Until we learn more, Bolger noted, it is pru¬ 
dent to protect all species lest we sacrifice some unknown critical function. 
This book provides examples of critical functions and the ecological roles 
of rare or little-known species. 

Conservation science is concerned, in part, with anticipating how natu¬ 
ral or human-caused disturbance affects the pattern of commonness and 
rarity among the biota of a given area (Lubchenco et al. 1991; also see chap. 
3). The concept of rarity has several definitions in common usage (see 
chap. 3), but in the lexicon of conservation biology, "rarity" is most simply 
defined based on the distribution and abundance of a species (Gaston 
1994). However, for many taxa we lack basic information on distribution 
and abundance (Brown and Roughgarden 1990; Flather and Sieg 2000) 
from which to judge rarity and basic information on life history and ecol¬ 
ogy. The authors here refer to these species collectively as "little known." 
Although it is most certainly true that many little-known species are also 
rare, there are many examples of little-known species that are likely quite 
common, such as soil and forest canopy arthropods. As Flather and Sieg 
discuss in chapter 3, there are different kinds of rarity that may have dif¬ 
fering kinds of management implications. Something could be (1) locally 
common but endemic or highly restricted in spatial distribution, (2) wide¬ 
spread but rare everywhere, (3) a locally rare population of a species that 
is common elsewhere (i.e., at the edge of the range or an outlying popula¬ 
tion in a metapopulation, or (4) genetically or behaviorally distinctive. 


Rare or Little-Known Species Can Play 
Key Ecological Roles 

Rare or little-known species help provide for productive and diverse ecosys¬ 
tems from which humans can sustainably use renewable natural resources. 
This is particularly true with native organisms whose roles may be to stave 
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off unwanted invasions by nonnative species; some rare or little-known 
native organisms provide such ecological services. Rare or little-known 
species may contribute significantly to the maintenance of ecosystem func¬ 
tion (Andren et al. 1995; Borrvall et al. 2000; Cottingham et al. 2001; Lyons 
and Schwartz 2001; Lyons et al. 2005), thereby helping to provide the goods 
and services that humans derive from ecosystems (Chapin et al. 1998). 

An example is the set of soil microspiders ("micryphantids" of the fam¬ 
ily Araneae) that collectively occur in abundance, that consist of many 
poorly known, undescribed, or possibly rare species, and that are likely 
important invertebrate predators at a very fine scale. Overall, soil 
microspiders contribute to the balance of soil food webs and maintenance 
of nutrient pools, and thus to productivity of soils that in turn provide 
ecosystem services of growing food crops of commercial interest to people 
(Mansour and Heimbach 1993). In another example, empirical studies 
have demonstrated how rare broadleaved plant species can control the 
abundance of dominant grasses by governing ecosystem processes (Boeken 
and Shachak 2006). In a review of how biodiversity can affect ecosystem 
functioning, Hooper et al. (2005) noted in general that even relatively rare 
species such as keystone predators can strongly influence energy and 
material flows through an ecosystem. 

Likewise, referring to invertebrates, Black (2002, 3) wrote: 

Though endangered invertebrates are unlikely to determine the fate of 
a large ecological system, as a group they may have a large effect. Often, 
endangered invertebrates are specialists that perform vital ecosystem 
functions such as pollination or the recycling of nutrients. . . . Endan¬ 
gered species also may play a linchpin role in small, specialized systems 
such as caves, oceanic islands, or some pollinator-plant relationships. 

. . . [S]ome endangered species might also provide useful products— 
such as new defenses against diseases or tools for studying various 
ecosystem or organismal processes—as well as direct material benefits. 

Such beneficial ecological roles are played by organisms that are tiny 
and hidden in soil, forest canopies, and other places difficult to study. Wil¬ 
son (1987) tells us it is the "little things that run the world." Most of these 
little things, and some of the big things, are effectively invisible to science 
but may play major roles in keeping ecosystems healthy and diverse. Wil¬ 
son argues that some invertebrates (e.g., ants and termites) can have enor¬ 
mous abundances and impacts on overall community energetics. He esti- 
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mates that the global biomass of ants alone substantially exceeds that of all 
vertebrates combined, yet the number of management-oriented ant and 
termite experts and studies is tiny. Patrick (1997,17) noted that "terrestrial 
ecosystems are dependent on a high diversity of macro- and microscopic 
organisms" and their ecological functions. 

In some cases, increasing rarity of a species, such as caused by anthro¬ 
pogenic stressors, might sacrifice the ecological roles of such species. 
McConkey and Drake (2006) discovered this with pteropodid fruit bats 
(flying foxes) on islands of the South Pacific Ocean, where the bats' role in 
seed dispersal declined as the bats became scarcer. In such cases, a rare 
species that otherwise plays an important ecological role, such as dispersal 
of large seeds by fruit bats, may reach a threshold of "functional extinc¬ 
tion" before it reaches numerical extinction. 

Such ecological significance of rare or little-known species may not be 
evident except in changing systems or systems under stress. On this, 
Andren et al. (1995, 141) wrote: "It is possible that the major importance 
of biodiversity for ecosystem processes is not apparent under relatively 
stable conditions, but that diversity is imperative for an ecosystem's 
response to stress or major environmental changes, such as climatic 
change, without any loss of ecosystem function. Perhaps rare species 
become important when conditions change." 

One example is the rare polylepis tree ( Polylepis weberbaueri) of family 
Rosaceae, which occurs at 2000 to 4500 m elevation in the Andes Mountains 
of South America, including in Ecuador. Much of the high-elevation wood¬ 
lands of the altiplano plateau of Ecuador have been eliminated for agricul¬ 
ture, leaving only remnant pockets of this rare polylepis woodland. These 
pockets are now increasingly critical habitat for a variety of high-elevation 
birds, including giant conebill ( Oreomanes fraseri), rufous antpitta (Gral - 
laria rufula), and red-rumped bush-tyrant ( Cnemarchus erythropygius). 


Rare or Little-known Species Can Have 
Evolutionary Significance 

Over evolutionary time, species that are rare and that are closely tied to 
specific environments may become the basis for unexpected adaptive radi¬ 
ation when environmental conditions change. Regional climate changes 
likely spurred great speciation events in the Amazon (antbirds), coastal 
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Australia (treecreepers), and central Africa (many primates, squirrels, and 
small carnivores). Also, rare founder populations on oceanic islands and 
continental habitat islands can become the basis for evolution of locally 
endemic taxa. For instance, the Hawaiian Islands contain local avian 
endemics, including subspecies such as the Hawaiian owl (Asio flammeus 
sandwichensis), species such as the Hawaiian crow (Corvus hawaiiensis), 
genera such as the Hawaiian goose (Branta sandvicensis), and even sub¬ 
families such as Drepanidinae (Hawaiian honeycreepers); the origins of 
such local endemics were likely rare immigrant founders. 

Another reason why rare or little-known species may be of conserva¬ 
tion interest pertains to extinction risk. All other things being equal, rare 
species are more apt to be lost from the regional or local species pool than 
are common species (Pimm et al. 1988; Johnson 1998). 


Rare or Little-Known Species Are Conserved by Some 
Legal Regulations 

Land managers may also care about conserving biodiversity because they 
must adhere to pertinent legal or regulatory provisions. However, such 
provisions in many countries do not target rare or little-known species per 
se, but rather address conservation of listed threatened or endangered 
species or more general biodiversity goals (see chap. 2). Examples include 
the United States' Endangered Species Act, Canada's Species at Risk Act, 
and Australia's Environment Protection and Biodiversity Conservation 
Act of 1999 under which individual states and territories provided further 
specifications, such as New South Wales' Threatened Species Conservation 
Amendment Bill of 2006. 

Also relevant to rare species conservation in Australia are the Regional 
Forest Agreements (RFAs), which establish processes and consequences of 
the recent extensive redistribution of public forest lands into many new 
conservation reserves. This redistribution was based largely on modeled 
habitat requirements of threatened species and the public desire to repre¬ 
sent all vegetation communities within the Australian conservation 
reserve system. The RFAs also specify management prescriptions for all 
threatened species in commercial forestry operations. The RFAs are based 
on a collage of state and commonwealth legislation, such as the Forestry 
and National Park Estate Act of 1998 (Rod Kavanagh, pers. comm.). 

In another example, India's National Wildlife Protection Act of 1972 
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covers major fauna (vertebrates and some insects) and very few plant 
species, but it does not cover rare, little-known, or endangered species per 
se. The 2006 amendment creates a National Tiger Conservation Authority 
that specifically calls for conservation of the tiger as a flagship and endan¬ 
gered species. India's Biodiversity Act of 2002 does address conservation of 
endangered species likely on the verge of extinction. Also, India's Environ¬ 
mental Protection Act defines and provides protection for sensitive sites, 
and like most other countries, India follows regulations under the Conven¬ 
tion on International Trade in Endangered Species of Wild Fauna and Flora 
(CITES) to prohibit illegal international trafficking of listed species 
(Ashish Kumar, P. K. Mathur, pers. comm.). 

In some other countries there is either no specific law or regulation com¬ 
parable to these acts, or legislation is less directly related to protection of rare 
or little-known species. For instance, Argentina has no endangered species 
act but instead has National and Provincial Natural Monument Laws to pro¬ 
tect some particular endangered species (Ana Trejo, pers. comm.). The Peo¬ 
ple's Republic of China has no national endangered species act; instead, there 
are lists of wild fauna and flora afforded "special state protection" that were 
promulgated and approved by the Chinese State Council in 1988. This pro¬ 
vides some measure of protection of biota when proposing activities that 
might arguably impact them. China also has a new Environmental Impact 
Assessment (EIA) law that requires an EIA for a government "plan" (anal¬ 
ogous to a "programmatic EIS" in the United States), but this requirement 
has yet to be fleshed out in specific regulations. The EIA law also requires an 
EIA for any construction project, and this dimension has been fleshed out in 
regulations, although there seems to be little guidance on rare and little- 
known species (G. Gordon Davis, pers. comm.). 


Rare or Little-Known Species Can Be Targets 
for Conservation in Planning 

Finally, as motivated by the foregoing concerns, some legal or regulatory 
provisions (e.g., the U.S. Endangered Species Act; the Canadian Species at 
Risk Act) require land-managing agencies to explicitly consider rare or lit¬ 
tle-known species in their resource planning activities. The basic problem 
with managing for rare or little-known species is that rarity itself imposes 
risks to viable, persistent populations, and lack of knowledge imposes 
uncertainties regarding the necessary conditions for such species. More- 
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over, the number of species that qualify as rare or little known can be quite 
large, further complicating the management problem. 

For example, in the interior Columbia basin, U.S., Marcot et al. (1997) 
estimated that 22% of all bird species were either "irregular" or "rare" in 
occurrence in that region (fig. 1.3). Also, of a total 43,825 estimated species 
of fungi, lichens, bryophytes, vascular plants, mollusks, arthropods, and 
vertebrates expected to occur in that region, they found 60% were little 
known and had insufficient information for scientists to judge their occur¬ 
rence in the planning area. Given inherent extinction risks, information 
constraints, and the sheer number of species that may be classified as rare 
or little known, it is easy to understand why the management issue can be 
overwhelming. If so many species are unknown and undescribed, or at best 
poorly studied, how do we know we are conserving biological diversity? 
How do we go about setting management practices to achieve the conser¬ 
vation of biological diversity? 


Knowledge Is Increasing 

Scientific knowledge on rare or little-known species has been increasing, 
but disproportionately more so for taxa that are easier to locate and study. 
As an example, the number of papers published each decade in all journals 
of the Ecological Society of America (ESA) since its inception in the 1940s 
has increased overall, with the greatest recent increases since the 1980s 
being studies on bryophytes, bacteria, fungi, and ferns (fig. 1.4a), vascular 
plants (fig. 1.4b), and invertebrates, fishes, and birds (fig. 1.4c). 

However, the proportions of all ESA papers published on only vascular 
plants, fishes, and birds have increased; whereas the proportions published 
on all other taxa have not. This may be explained in part by the emergence 
of other, taxa-specific publications (particularly on invertebrates, fungi, 
lichens, and bryophytes) that might have drawn potential papers away 
from ESA journals. But it appears that scientific knowledge of many of the 
other taxonomic groups of rare or little-known taxa is not keeping pace 
with that on vascular plants and vertebrates. A consequence of this imbal¬ 
ance will be a widening gap in knowledge between these taxonomic groups. 
In addition, taxon experts, especially systematists, are not being trained 
and hired by agencies or universities/museums at even a replacement rate 
(Wheeler and Cracraft 1997). 
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Abundance 

Figure 1.3. Number of bird species in the interior U.S. Columbia River basin by 
abundance class. Source-. Marcot et al. 1998. 


Another way to view amount of, and change in, knowledge is on a per 
capita (per species) basis. Dividing the total number of ESA publications (fig. 
1.4d) by the globally known number of species per taxon (see chap. 4) reveals 
that most publications per capita are on known vertebrates and known bac¬ 
teria and fewest on known fungi and known invertebrates. When consider¬ 
ing high-end estimates of numbers of species (described plus unknown), 
fewest publications per taxon are on invertebrates, bacteria, and fungi. These 
taxa are in need of much basic taxonomic, biological, and ecological work. 


Conclusion 

Rare or little-known species are, by their nature of being scarce or poorly 
understood, often not explicitly included in conservation and natural 
resource planning. Although still incomplete, there is growing scientific 
evidence that many rare or little-known species may play key ecological 
roles in the function, structure, and composition of some ecological com- 
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Figure 1.4. Number and proportion of publications by the Ecological Society of 
America on various taxonomic groups (a—c) and on all topics (d). 


munities and could be important for long-term evolutionary potential. To 
conserve and restore the breadth of natural biodiversity, resource man¬ 
agers could include attention on rare or little-known species and their eco¬ 
logical functions, as well as on the more usual charismatic or better-known 
species and processes. 

This book describes and evaluates a variety of management approaches 
and practical considerations for conserving rare or little-known species in 
terrestrial ecosystems. This focus is unique for two reasons. First, although 
there are many books and articles on conservation of rare species, most 
deal with conserving large and well-known species. However, in most 
ecosystems the vast majority of species consists of rare or little-known 
species that have received paltry or incomplete coverage in the conserva¬ 
tion biology literature (e.g., fungi, lichens, mollusks, bryophytes, non- 
showy soil arthropods). These taxa have many unique attributes that make 
their detection, identification, and quantification extremely difficult. 
Given the significant ecosystem functions that at least some of these taxa 
perform, it is important to include them in comprehensive conservation 
efforts. Yet the inherent uncertainty in their poorly understood ecologies 
and natural histories makes their conservation on a species-by-species 
approach difficult to infeasible. 

A major focus of the book thus addresses their unique attributes and 
provides detailed descriptions of conservation approaches that can be con- 
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sidered and evaluated for effectiveness in meeting specific conservation 
goals. Second, the book emphasizes the practical considerations that land 
managers face in developing and implementing conservation strategies to 
deal with rare or little-known species. These include integration of social, 
economic, and biological goals as well as practical matters of costs, person¬ 
nel, and dealing with uncertainty and risks in decision making. 
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This book explores and evaluates various approaches to the 
conservation of rare or little-known (RLK) species. However, the objective 
to conserve RLK species cannot be considered in a vacuum, but, rather, 
within an overall set of objectives for ecological, social, and economic sus¬ 
tainability. Therefore, it is important to know how various approaches to 
the conservation of RLK species will affect not only those species but also 
the other elements of ecological, social, and economic sustainability. For 
such an evaluation, one must first articulate a suite of objectives under 
which land managers operate. This chapter uses experiences from federal 
land management in the United States to create a context for setting these 
goals and objectives. 

Sustainability has been called an overarching goal of the management 
of federal lands (Committee of Scientists 1999). Sustainability generally 
consists of interdependent ecological, social, and economic elements, 
which, taken together, ensure that an area's capacity to provide present and 
future generations with needed ecosystem benefits is undiminished over 
time (Lele and Norgaard 1996). This definition implies that (1) manage¬ 
ment of natural resources will not degrade those systems being utilized 
(Lubchenco et al. 1991), and (2) the current generation of humans will 
leave an equitable share of resources for future generations (Meyer and 
Helfman 1993). Ecological sustainability provides a foundation upon 
which the other elements depend. If ecological systems fail, social and eco¬ 
nomic elements of sustainability will fail (Committee of Scientists 1999). 
All three elements are, however, interdependent, and thus we have listed 
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goals that address each of these. Before discussing these goals, we illustrate 
the legal foundation for the conservation of RLK species (using laws in the 
United States as examples) and then discuss the broader context for con¬ 
servation of biological diversity. 


Legal Foundation for Conservation Objectives 

U.S. law provides a variety of mechanisms to protect RLK species; these 
mechanisms address the ecosystems in which the species live and mecha¬ 
nisms to protect the species themselves. Preserved federal lands, such as 
national parks, wilderness areas, and national wildlife refuges, play a cen¬ 
tral role in preserving ecosystems and the species that reside within them. 
The national parks are governed under the National Park Service Organic 
Act (16 U.S.C. §§ l-18f). Congress intended for the Park Service to be 
responsible for protecting the integrity of national parks from threatening 
activities; thus preservation of ecosystems has been a primary goal of park 
management (Keiter et al. 1999). Wilderness areas are governed under the 
Wilderness Act of 1964 (16 U.S.C. §§ 1131-1136). Under this act, wilder¬ 
ness areas are to be managed to preserve natural conditions while provid¬ 
ing access for recreation; other commercial activities are generally prohib¬ 
ited. Conservation of biological diversity within wilderness areas is not an 
explicit goal, but preservation of natural ecosystems within wilderness 
areas is an important contribution toward national biodiversity objectives. 

The National Wildlife Refuge System Administration Act (16 U.S.C. §§ 
668dd-668ee) governs the system of national wildlife refuges. Under the 
1997 amendments to this act, the mission of these refuges was clarified to 
stress conservation, management, and restoration of native fish, wildlife, 
and plant resources and their habitats (Keiter et al. 1999). The Multiple 
Use-Sustained Yield Act of 1960 (16 U.S.C. §§ 528-31) requires the U.S. 
Department of Agriculture (USDA) Forest Service to manage lands for 
multiple uses without impairing their productivity. Further, due consider¬ 
ation shall be given to the relative values (economic and intrinsic) of the 
various resources and should conform to changing needs and conditions of 
resources and related services. This act made clear for the first time that 
wildlife and fish resource management was a valid purpose for administer¬ 
ing the national forests (Wilkinson and Anderson 1987). This direction to 
recognize the importance of wildlife within forest ecosystems was further 
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strengthened with passage of the National Forest Management Act 
(NFMA) (16 U.S.C. §§ 1601-14) and the Federal Land Policy Management 
Act (FLPMA) (43 U.S.C. §§ 1701-1783). These acts are the principal 
statutes governing management of lands administered by the Forest Ser¬ 
vice (NFMA) and the Bureau of Land Management (FLPMA). The NFMA 
directs the Forest Service to "provide for diversity of plant and animal 
communities based on the suitability and capability of the specific land 
area in order to meet overall multiple-use objectives" (16 U.S.C. § 
1604(g)(3)(B)). The FLPMA, like the NFMA, requires the Bureau of Land 
Management to manage its lands for multiple uses and calls for manage¬ 
ment that will not impair the land and quality of the environment. The 
FLPMA does not contain an explicit biodiversity provision as does the 
NFMA, but it does emphasize ecological sustainability and thus contains a 
legal basis to maintain a diverse array of ecosystems over time. The 
National Environmental Policy Act (NEPA) (42 U.S.C. § 4321) requires 
federal agencies to take a hard look at the environmental consequences of 
planned actions before an agency decision to commit resources is made. 
Under NEPA, an Environmental Impact Statement must be prepared that 
discloses the ecological effects of planned actions; this offers a framework 
for pursuit of ecosystem management goals. 

The legal basis for species-level conservation is embodied in the Endan¬ 
gered Species Act (16 U.S.C. § 1531), which gives conservation of species a 
higher priority than any other activity. The act applies only to species that 
are listed as threatened (likely to become endangered within the foresee¬ 
able future) or endangered (in danger of extinction throughout all or a sig¬ 
nificant portion of their range). Under the act, federal agencies must avoid 
jeopardizing the continued existence of a species or its critical habitat. Con¬ 
servation of rare or little-known species is mandated under this act but 
only if those species are formally listed, a process that often requires sub¬ 
stantial scientific knowledge about the species, its habitat requirements, 
and its population trend. Such knowledge is often lacking for RLK species. 

The planning regulations under the NFMA (36 C.F.R. § 219.19) provide 
a broader mandate for species conservation on national forest lands and 
have recently been revised. Under the previous regulations, rules stated 
that "fish and wildlife habitat shall be managed to maintain viable popula¬ 
tions of existing native and desired non-native vertebrate species in the 
planning area." The rules also required the agency to insure that viable 
populations are "well distributed in the planning area" and to provide 
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habitat that "must be well distributed so that reproductive individuals can 
interact with others in the planning area" (36 C.F.R. § 219.19). These reg¬ 
ulations made distribution of wildlife habitat a controlling factor in forest 
planning (Wilkinson and Anderson 1987). The regulations further indi¬ 
cated that forest plans should preserve and enhance diversity, taking 
account of "natural" diversity (that which might have existed if the forest 
had not been managed) and existing diversity. This broader diversity man¬ 
date, coupled with provisions to select management indicator species that 
can be selected from any taxon, has been interpreted to apply viability 
standards to a wide variety of plant and animal taxa, including nonvascu- 
lar plants and invertebrates (e.g., FEMAT 1993). 

NFMA also provides a framework from which economic values of RLK 
species should be addressed either quantitatively or qualitatively by requir¬ 
ing an analysis of present and anticipated uses, demands for, and supply of 
the renewable resources. Guidelines for developing land management plans 
should include consideration of economic and environmental aspects asso¬ 
ciated with fish and wildlife. These economic values include commodity and 
nonmarket considerations in the context of a benefit-cost analysis. 

In January 2005, the Forest Service issued a new set of planning regu¬ 
lations (Federal Register 70 (3): 1023-61). Under these new regulations, 
"the overall goal of the ecological element of sustainability is to provide a 
framework to contribute to sustaining native ecological systems by pro¬ 
viding ecological conditions to support diversity of native plant and animal 
species in the plan area" (§ 219.10(b)). These regulations, unlike the viabil¬ 
ity standards of the previous regulations, do not provide a measurable or 
enforceable standard by which to determine whether the broad goals of the 
NFMA are met (Noon et al. 2005). 

There are many other statutes at the state and local level that provide a 
legal foundation for conservation goals. Those already cited are offered as 
examples of the primary foundation for the legal authority for conserva¬ 
tion of terrestrial ecosystems and species at the national level. With these 
in mind, we can turn to a discussion of some of these goals. 


Biological Diversity Goals 

As delineated in the Montreal Process (http://www.mpci.org/home_e.html), 
the key indicators of biological diversity are species diversity and ecosystem 
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diversity. The Montreal Process was developed by the Working Group on 
Criteria and Indicators for the Conservation and Sustainable Management 
of Temperate and Boreal Forests. The Working Group was formed in 
Geneva, Switzerland, in June 1994 to develop and implement internationally 
agreed upon criteria and indicators for the conservation and sustainable 
management of temperate and boreal forests. Understanding species diver¬ 
sity naturally requires consideration of species, but is it necessary to evalu¬ 
ate the status of individual species? or can land managers somehow rely on 
the amounts and types of ecosystems to assess diversity? The ecological lit¬ 
erature contains an active debate on the relative values of ecosystem-based 
and species-based approaches to the conservation of biological diversity. One 
forum, "Preserving Biodiversity" ( Ecological Applications 1993 3 (2): 
202-20), and subsequent letters to the editor ( Ecological Applications 1994 
4 (2): 205-9), contain a lively discussion that highlights why both 
approaches are necessary. As stated by Wilcove, "The distinction between 
'single-species management' and 'ecosystem management' is a false 
dichotomy; both are part of a continuum of steps necessary to protect biodi¬ 
versity (Wilcove 1994). Ecosystem-based approaches are needed because 
there are too many species to handle on a species-by-species approach: such 
an approach will exhaust available time, financial resources, society's 
patience, and scientific knowledge (Franklin 1993). However, as pointed out 
by Wilcove (1994), an ecosystem plan that fails to ensure a viable population 
of, say, marbled murrelets ( Brachyramphus marmoratus ) or northern spot¬ 
ted owls (Strix occidentals caurina ) would be considered a failure. Needs of 
individual species, whether species listed under the Endangered Species Act 
or other legislation, or species afforded special status in their role as keystone 
or umbrella species, are a vital part of any conservation strategy. 

Conservation of biological diversity is at the heart of ecological sustain¬ 
ability (Lindenmayer and Franklin 2002). What does it mean to conserve 
biological diversity? Does it mean to retain representatives of all extant 
living organisms? Does it mean to retain these representative organisms in 
their current state? or to mimic a past or desired future state? Does it mean 
to retain extant species and to restore populations of those species that are 
no longer present or that are in danger of local extinction? Does it mean to 
retain that subset of species that are thought to be key to maintaining sys¬ 
tem functionality? Is it sufficient to retain representative species (pres¬ 
ence) ? or is it desired to maintain species in their current abundance or at 
population levels that will ensure population viability? How do land man- 
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agers account for the dynamic nature of populations and metapopidations 
(McCullough 1996), including annual or longer poptdation fluctuations? 
These questions are meant to convey the notion that the phrase "conser¬ 
vation of biological diversity" does not, in itself, provide sufficient direc¬ 
tion to land managers, so they set operational objectives. 

Viability assessments, as conducted in support of NFMA planning reg¬ 
ulations, are an example of procedures to evaluate the consequences of 
management actions on wildlife species. The intent has been to document 
how land management decisions might influence the numbers and distri¬ 
bution of species of interest: managers are interested in wildlife outputs 
given some management decision (Andelman et al. 2001). An example of 
this approach is the recent viability assessment conducted to evaluate 
effects of proposed land management alternatives on habitat conditions for 
fish and wildlife under the Interior Columbia Basin Ecosystem Manage¬ 
ment Project (Raphael et al. 2001; Rieman et al. 2001). Results of this 
assessment indicated, for example, that habitat conditions for terrestrial 
species associated with sagebrush habitats were not likely to improve or 
may decline relative to current conditions under any of the alternatives 
considered. Using models to relate populations to habitat conditions, the 
team suggested that populations of some of the species were likely to expe¬ 
rience local extirpation because of loss of habitat (Raphael et al. 2001). 

Given these general considerations, we recognize that there are a vari¬ 
ety of complementary objectives that may be used to evaluate the effec¬ 
tiveness of alternative approaches to conservation of biological diversity. 
Land managers must evaluate the approaches against all of the objectives 
to gain a full picture of their effectiveness. Some approaches may do a 
great job of conserving RLK species but make it more difficult to accom¬ 
plish other objectives. Conversely, some approaches may make a smaller 
contribution to conservation of RLK species but be more effective in 
accomplishing other objectives. In chapter 8, Holthausen and Sieg assess 
the utility of alternative approaches to the conservation of RLK species 
against a list of these objectives. 


Species Diversity 

Land managers can promote conservation of RLK species at a variety of 
hierarchical levels, including conservation- or restoration-focused viability 
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of RLK species, viability of RLK species as part of a broader suite of all 
species in the planning area, or conservation of all species in natural pat¬ 
terns of abundance. 

Maintain or Restore Viable Populations of Rare 

or Little-Known Species 

This objective, in itself, does not fully meet the broader objective of con¬ 
serving biological diversity. Rather, it maintains a focus on the subset of 
RLK species in the planning area. The information needed in support of 
this objective would be a list of RLK species known to occur in the area; an 
assessment of their current distribution, abundance, and population trend; 
and an evaluation of potential threats to persistence of each species due to 
planned management actions, natural disturbances, or stochastic events. 
The evaluation of approaches would focus on the degree to which any 
approach might provide for conditions to support viable populations of 
RLK species. An inherent dilemma in applying this objective is that, 
because these species are rare or little known, there will typically be insuf¬ 
ficient information to assess their presence, status, and trend. 

Maintain or Restore Viable Populations of All Species 

This objective focuses on the extent to which a conservation approach pro¬ 
vides ecological conditions to support viable populations of all species 
expected to occur within a planning area, including RLK species. As noted 
earlier, we recognize that there are too many species to handle with a 
species-by-species approach: such an approach will exhaust available time, 
financial resources, society's patience, and scientific knowledge. But the 
intent is to provide conditions that are capable of supporting all species, 
even if specific attention is not placed on every one of them. The informa¬ 
tion necessary to evaluate this objective can take two forms. The first form 
would be similar to maintaining viable populations of RLK species, except 
it would be extended to a wider array of species (a list of selected species 
known to occur in the area, an assessment of their current status, and an 
evaluation of potential threats to persistence of each species due to planned 
management actions, natural disturbances, long-term environmental 
changes, or stochastic events). Species can be selected on the basis of their 
perceived vulnerability to disturbance. Species that are legally classified as 
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threatened, rare, vulnerable, or endangered and species at risk of not main¬ 
taining viable breeding populations, as determined by scientific assess¬ 
ment, would be the highest priority for evaluation. 

The second form would focus more specifically on the characteristics of 
a collection of species within the planning area. For example, a simple 
count of species is a common and easily understood measure of species 
diversity (Gaston 1996; Purvis and Hector 2000). Because a general sign of 
ecosystem stress is a reduction in the variety of organisms found in a given 
locale (Rapport et al. 1985, Loreau et al. 2001), species counts have a long 
history of use in assessing ecosystem status (Magurran 1988; Reid et al. 

1993) . One problem with a simple count of species is its insensitivity to 
changes in species composition. Native species can become extinct (locally 
or globally) and new (perhaps exotic) species can colonize and become 
established in the species pool. Because a count of species does not capture 
changes in species composition, measures of faunal integrity (Karr 1990) 
or community completeness (Cam et al. 2000) have been recommended as 
more informative measures of species diversity. Under the notion of 
integrity, the observed species pool is compared to the expected species 
pool as a means of evaluating whether species diversity is being conserved. 

Maintain or Restore Viable Populations of All Species 

in Natural Patterns of Abundance 

This objective is similar to maintaining viable populations of all species, but 
in this case the objective is to maintain the full assemblage of species with 
a composition, abundance, and distribution similar to that which might be 
expected in the absence of human disturbance (Noss and Cooperrider 

1994) . Defining this "natural" pattern of abundance is a major challenge 
because few data exist on patterns of abundance in unaltered landscapes, 
and virtually all landscapes have a long history of native human influence. 
What, then, should be the target upon which to compare current condi¬ 
tions? Species populations and ecosystems are dynamic, and one cannot 
expect patterns of abundance under one moment in time to persist. There¬ 
fore, it is probably more appropriate to consider the range of variability to 
set population targets. Patterns of abundance that fall within this range 
might then meet the standard, whereas populations that are either more or 
less abundant than the limits of the range of variability would be outside 
the range and would not be defined as meeting the natural condition. 
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Genetic Diversity 

An objective for genetic diversity is to maintain natural genetic variation. 
The geographic ranges of species are continuously responding to phenom¬ 
ena such as glaciation, vegetation migration, climate fluctuation, interspe¬ 
cific interaction, or human alteration of habitats. Species that currently 
occupy only a small portion of their former range might have lost some of 
their genetic variation. They are at risk of losing much of their remaining 
variability due to natural (e.g., fires, hurricanes or typhoons, diseases) or 
human-caused events (e.g., road development, reservoirs) that can deci¬ 
mate local populations. This erosion in genetic variation results in the 
species being less able to adapt to changes in its environment brought on 
by humans, climatic change, or the invasion of exotic species. The result is 
a higher risk of species extinction. The ecosystem of which the species is a 
part will itself become less resilient to change. This objective, then, is 
another indicator of the resilience of species to environmental change. 

Population size is a crucial parameter in determining the amount of 
genetic variability that can be maintained in a population (Lande and Bar- 
rowclough 1987). Genetic variability, in turn, influences the likelihood of 
species persistence because genetic variation is necessary for evolutionary 
adaptation to a changing environment. Maintaining genetic variability is 
thus a crucial aspect of biological diversity conservation. 

Population viability analyses sometimes address effects of environmen¬ 
tal stressors on population genetics and their implications for population 
size and distribution. Often of concern are several situations related to 
population genetics that could ultimately affect the numerical viability of 
a population or species: 

• Genetic bottlenecks whereby low numbers of breeding indi¬ 
viduals cause a diminution of allelic diversity (e.g., Brookes et al. 

1997; Bouzat et al. 1998; Beebee and Rowe 2001) 

• Inbreeding depression whereby increased relatedness between 
breeding individuals results in dominant or homozygous expres¬ 
sion of deleterious alleles and erosion of allelic diversity (Keller 
and Waller 2002) (a variant of this, outbreeding depression, is sel¬ 
dom a concern in population viability analysis, but in some 
instances should be included; Fenster and Galloway 2000; 

Edmands and Timmerman 2003) 
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• Genetic drift, wherein modal genotypes change and allelic 
diversity decreases over generations in small isolated populations 
due to sampling effects (Nei and Tajima 1981; Hitchings and 
Beebee 1998) 

Genetic bottlenecks, inbreeding depression, and genetic drift are distinct 
processes (they are sometimes confused), but all of them could be caused 
by severing or reducing a population into smaller isolates, and by other 
factors, such as appearance of behavioral or reproductive isolating mecha¬ 
nisms within a species, that reduce the effective size and distribution of a 
breeding population (Wright 1938; Kimura and Crow 1963; Beissinger and 
McCullough 2002). 

Beyond these concerns for population numerical viability are additional 
situations that may reduce the longer-term evolutionary potential of 
species (Soule 1980; Posadas et al. 2001). That is, a species may be demo- 
graphically and numerically viable—abundant enough to be self-sustain¬ 
ing in a broad array of habitats and geographic locations, to withstand nor¬ 
mal variations in resource availability and environmental factors—but 
may still lose some evolutionary potential. There are several additional 
concerns related to reduction of evolutionary potential (that would not 
affect likelihood of continuance of the overall population): 

• Loss of small, isolated populations (e.g., Pettersson 1985) 

• Loss of peripheral areas of a species' distributional range (e.g., 
Lammi et al. 1999) 

• Loss of a portion of a population's genome that would confer 
adaptability to future changes in environmental conditions (e.g., 

Daley 1992) 

• Loss of genetic variation within polymorphic populations or 
within sibling (cryptic) species, superspecies, or subspecies com¬ 
plexes (e.g., Avise 1995; McElroy et al. 1997) 

Small, isolated populations and peripheries of species' ranges are often 
locations where "evolutionary experiments" occur through differential 
selection pressures causing character divergence from the modal geno¬ 
types of the species (Sayama et al. 2003). Such selection pressures may be 
precursors to the evolution of new subspecies or full species (e.g., Baker et 
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al. 2003), and they may also result in preadaptations that could prove to be 
of adaptive significance in the face of later environmental changes. 

In addition to the species focus, genetic concerns can also address lower 
taxonomic levels, particularly variability within and among subspecies, 
races, and morphs within a species, which provide specific kinds of variabil¬ 
ity by which a species' lineage can adapt to changes in environmental con¬ 
ditions (Wiens 1999). Thus management objectives for maintaining 
genetic diversity may pertain not just to numerical viability of a species 
but also to the diversity within and among isolated populations, demes, 
morphs, subspecies, races, and distributional peripheries, all of which can 
contribute to ensuring a species' longer-term evolutionary potential 
beyond shorter-term numerical viability. 

Finally, evolutionary history may also provide information relevant to 
setting conservation priorities (Mace et al. 2003). Preservation of the 
processes that have generated patterns of biodiversity may be as important 
as preservation of the pattern itself, and new insights from evolutionary 
history inform this new approach. The challenge for land managers is to 
find practical ways to recognize and manage these relevant genetic charac¬ 
teristics. In this case, solutions to the inherent difficulties may depend on 
future advances in genetic research and technology transfer. 


Ecosystem Diversity 

Ecosystem diversity provides a "coarse filter" approach to the conservation 
of biological diversity (Nature Conservancy 1982). The inherent assump¬ 
tion of this approach is that biodiversity depends on diverse habitat condi¬ 
tions. The action or requirement that flows from this assumption is to 
maintain or restore diverse habitat conditions to conserve or restore biodi¬ 
versity. 

Provide for Native Ecosystem Types and Structural 
Stages within Their Natural Range of Variation 

Under this objective, ecosystem diversity would be measured by the extent 
and distribution of ecosystem types (such as forest cover types) and struc¬ 
tural stages. Structural stages are the different structural and composi- 
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tional phases of forests and grasslands that occur over time following dis¬ 
turbances that kill, remove, or reduce vegetation in patches of various 
sizes. These structural stages are intended to be the major developmental 
or serai stages that occur within a particular environment. A management 
goal might be to create an array of structural stages that result in the rep¬ 
resentation of those that would be expected over time. Management may 
also focus on the representation of particular elements within these sys¬ 
tems, such as small wetlands, rock outcrops, dead and downed wood, and 
other microhabitats that support particular organisms. Managing for the 
range of natural variability does not mean simply managing for diverse 
habitat conditions. Rather, it is an attempt to restore a system to the range 
of conditions that it experienced prior to "major" anthropogenic distur¬ 
bance (Aplet and Keeton 1999; Schwartz 1999). 

Maintain or Restore Ecological Processes 

An objective to maintain or restore ecological processes embodies a 
dynamic pattern-process view of natural resource management (Spies et 
al. 2006). It implies that managers consider the components of ecosystems 
(e.g., species, vegetation communities, physical attributes) and the forma¬ 
tive processes (e.g., disturbance regimes, trophic structures, soil and nutri¬ 
ent cycling, interspecific interactions) that lead to the expression of char¬ 
acteristic mixes of species and vegetation across the landscape. Under this 
objective, managers would focus on ecological processes as well as the dis¬ 
tribution and abundance of structures. We note, however, that there are 
few cases where processes can be managed directly. Such an objective usu¬ 
ally means influencing processes indirectly through manipulating struc¬ 
tures. 

The inherent assumption is that an ecosystem that retains the expected 
ecological processes would have the necessary ecosystem components and 
critical processes to provide for the habitat requirements of associated 
species, but the specific species composition may be less important than the 
retention of functional processes and functional roles of organisms. 
Although one might expect that a large proportion of native species rich¬ 
ness is required to sustain ecosystem function, there is no clear consensus 
in the scientific literature. On the one hand, Schwartz et al. (2000) found 
little support for the hypothesis that there is a strong dependence of 
ecosystem function on the full complement of diversity within sites. In 
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contrast, Naeem et al. (1999) concluded that ecosystem functioning is 
decreased as the number of species in a community decreases and that this 
is particularly pronounced at lower levels of diversity. 

Manage Landscapes to Provide for Resiliency of Species 

Resilience is a measure of the capability of species (or ecosystems) to 
recover from disturbance. No natural community is static; communities 
change over many spatial and temporal scales. Organisms respond to daily 
fluctuation in temperature and precipitation, to seasonal changes, and to 
annual variation. Fire, windthrow, flooding, and other acute disturbances 
change the local composition and structure of ecosystems. Long-term 
change, such as the chronic effects of global warming, exert still other 
changes on ecosystems. Recent studies suggest that ecosystem resistance 
to environmental perturbations may be lessened as biodiversity is reduced 
(Naeem et al. 1999). For example, loss of native dry shrubland plant com¬ 
munities in the Columbia basin due to years of heavy grazing by domes¬ 
tic livestock and concomitant invasion and dominance by nonnative weedy 
plant species has resulted in an altered state of the ecosystem: changes in 
soil and plant communities can no longer recover historical conditions 
within a foreseeable time (Hemstrom et al. 2001). This objective, then, is 
meant to assess the degree to which landscapes are capable of recovery fol¬ 
lowing disturbance and the degree to which expected structures, functions, 
and processes are sustained over time. 


Social Goals 

The Montreal Process, described earlier, alludes to the relevancy of social 
dimensions of forest conservation such as social, cultural, and spiritual 
needs and values. Sustaining viable populations of RLK species will depend 
on society's commitment to maintaining and adjusting as needed conser¬ 
vation strategies over the long term—a tall order. It is one thing to support 
the principal of environmental stewardship in general but quite another to 
support a specific conservation strategy for an RLK species that might 
directly impact individuals, their families, and their jobs. 

The concept of sustainability of RLK species embodies compromise 
among human values that are often in conflict. Environmental steward- 
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ship, aesthetics, protection of sacred places, and low-impact utilization of 
renewable natural resources represent values likely to support adequate 
habitat protection to sustain RLK species (Kellert 2002). Human welfare 
such as health, housing, employment, lifestyle, and commerce are values 
that can sometimes compete for the ever-growing demand for limited open 
space (Naidoo and Adamowicz 2001). Exurban sprawl and its related infra¬ 
structure are expanding dramatically, driven by population growth and an 
expanding economy converting open space to development at a rapid pace 
(Davis et al. 1994). Habitat critical for sustaining populations of RLK 
species often occurs over a mix of public and privately owned lands, a crit¬ 
ical challenge to the conservation of RLK species (Theobold et al. 2004). As 
a consequence, exploring alternative conservation strategies to sustain 
RLK species based on biological requirements should be balanced with 
other priorities of society. 

There is a growing trend to apply nontraditional social strategies 
to meet the challenge of conservation of RLK species via collaboration 
(Wondolleck and Yaffee 2000). An emerging trend in resource manage¬ 
ment is to operate in a broader geographic and temporal scale in a nontra¬ 
ditional manner. Risk taking is inevitable in dealing with complexity, 
uncertainty, and change associated with the conservation of RLK species. 
This book focuses on the evaluation of alternative strategies to sustain 
populations of RLK species. The central role of social considerations is to 
facilitate collaboration among stakeholders. 

The challenging social considerations goal is to establish a long¬ 
term commitment among all sectors of society to maintain sustainable 
populations of RLK species. The following objectives provide the building 
blocks to achieve this ambitious goal. 


Ensure Equitable Inclusiveness 

We recognize the importance of ensuring equitable inclusiveness among 
stakeholder participation in the planning, analysis, and decision-making 
process that evaluates alternative conservation strategies to sustain RLK 
species. For instance, participation can be restrained by a lack of convenient 
access to the planning process or a lack of technical knowledge of how to 
navigate an online survey or Web site. Public meetings are often taken 
over by aggressive speakers with extreme positions on issues rather than 
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remaining collegial discussions of shared and divergent values (Suskind 
and McCreary 1985; Nedovic-Budic 1998). The importance of achieving 
this objective is documented in several case examples of RLK species con¬ 
servation included in chapter 9. Stakeholder involvement should encom¬ 
pass all steps in the process from identifying shared and divergent values 
at play and how they relate to alternative conservation strategies under 
consideration. 


Maintain a Holistic and Nonpartisan Social Perspective 

A holistic perspective of alternative RLK species conservation strategies 
under consideration will likely result in identifying more possibilities to 
mitigate conflicts. Possibilities include the range of social values, social 
structure and welfare, cultural heritage and values, natural resource uti¬ 
lization, institutional dynamics and risk taking, political influence, and the 
social dimensions of decision making. Wondolleck and Yaffee (2000) 
encourage reducing the relevancy of a technocratic model to a more dem¬ 
ocratic model for evaluation and decision making. 


Maximize an Array of Social and Economic Benefits 

Focusing on human benefits associated with a conservation strategy with¬ 
out compromising the RLK species is an important building block for 
achieving the conservation goal. Conservation strategies that focus on this 
objective, particularly on privately owned land, are more likely to succeed 
in the long run. Understanding the array of values among all stakeholders 
as portrayed in chapters 9 and 10 is a precursor to building collaboration 
leading to long-term commitment. The degree to which this objective is 
met is an indicator of the potential for a successful decision-making process. 


Establish and Maintain an Institutional Framework 

Establishing an institutional framework is a considerable challenge that 
should include long-term commitments to institutional administration 
and funding sources. Collaboration between resource managers and uni- 
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versity scientists strengthens the potential for longevity. This critical social 
consideration is illustrated in several case examples of successful RLK 
species conservation practices in chapter 9. A sustainable institutional 
framework is just as critical as the biological components associated with a 
successful conservation strategy for RLK species. 


Economic Goals 

Economics is a decision science that studies how a society allocates its 
scarce resources. The general objective of environmental economics is to 
estimate the economic consequences, track financial transactions, and 
measure the benefits and costs of alternative conservation policies within 
a framework of constrained market capitalism. 


Use a Framework of Constrained Market Capitalism 
for Conserving Rare or Little-Known Species 

Aggregate economic effects, benefits, and costs of environmental goods 
and services can most easily be measured in price-setting markets. A con¬ 
strained market economic objective is to create new ownership conven¬ 
tions and regulations that provide economic market incentives for con¬ 
serving RLK species and sustainable ecosystems. RLK species preservation 
that enhances rather than impedes market opportunities is more likely to 
meet both conservation and economic objectives. 


Improve Macroeconomic Models to More 
Accurately Include the Real Economic Effects 
of Rare or Little-Known Species Conservation 

When conventional measures of gross domestic product (GDP) rise, the 
quality and quantity of public sector natural resources, such as biological 
diversity and RLK species conservation, usually fall because the conse¬ 
quences of impacts on RLK species are not captured in the price associated 
with GDP transactions. A goal for RLK species conservation is to add envi¬ 
ronmental accounts to more standard input-output models of economic 
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activity so that GDP-type estimates better reflect real changes in the stock 
of sustainable natural environments and the flow of environmental services. 

Human well-being ultimately depends on ecosystem functions, such as 
nutrient cycling, which provide indispensable services to people. Ecosys¬ 
tem services include clean air, clean water, wildlife, recreational opportuni¬ 
ties, farmland, and food supply. Even though a species may be rare, 
obscure, or small in numbers, it can importantly affect the long-term sus¬ 
tainability of an ecosystem and future economic values and resource use 
options. Beyond its value as a product, an RLK species may also be a valu¬ 
able input in producing diverse ecosystem services. Scarcity is inherent for 
most RLK species, and this implies high incremental values for preserving 
each individual in the population. 


Estimate Nonmarket Values for Rare 
or Little-Known Species 

The primary objective of economic analysis in the public sector is to esti¬ 
mate the public's value for sustaining nonmarket goods and services. These 
values include current demand to use and enjoy resources, the future option 
of viewing rare species or functioning ecosystems, bequeathing that same 
opportunity to future generations, and simply knowing individual species 
and naturally diverse ecosystems exist, even if there is no expectation of 
using or viewing them now or in the future. Because the measurement 
costs for complex, poorly understood environmental processes are high, 
RLK species might also be used as relatively inexpensive indicators for 
damages to ecosystems. Human beings are environmental creatures; they 
are part of and entirely dependent on the environment. The value to soci¬ 
ety of knowing that their environment, including their food supply, is not 
toxic also needs to be considered and measured in an economic setting to 
ensure efficient and effective allocation of resources. When basic elements 
that are essential to long-term human survival are ignored in resource allo¬ 
cation decisions because they are not marketed, markets and governments 
jointly fail to allocate resources to the best and most productive use. 

Economic analysis that incorporates nonmarket values and environ¬ 
mental regulation is needed to compare RLK species conservation with 
other societal goals that compete for scarce public resources. Although dol¬ 
lar values do not convey the public's preferences for all social and cultural 
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values, they do provide one commensurate measure for comparing broad 
public purposes. Legal, regulatory, and collaborative processes evolve to 
convey and balance these dollar-weighted social preferences. 


Integrate Economic Analysis in Rare 
and Little-Known Species Conservation 

A general purpose of this book is to provide administrators and managers 
with a set of tools for use in conserving RLK species. Economic analysis 
provides estimates about the economic impacts, benefits, and costs of pur¬ 
suing alternative biological/ecological, economic, and social objectives. 
Costs of conducting economic analysis vary according to spatial and tem¬ 
poral complexity and extent, magnitude and complexity of the embedded 
economy, social and management preferences toward risks of extinction, 
and the resilience of the underlying ecosystem. Management choices 
about the most appropriate mix of ecological criteria or methods should be 
made at the same time economic methods are chosen. The best set of eco¬ 
nomic methods should be uniquely matched with the best ecological crite¬ 
ria or methods for each RLK species study. Economics is just one set of 
tools that should be considered when making management decisions 
related to allocation of scarce resources. The economic tools are discussed 
in chapter 10. Other values need to be expressed through methods already 
described under Social Goals in this chapter, and in chapter 9. Peine (chap. 
9) also describes innovative ways not only for better inclusion of social val¬ 
ues beyond economics, but also broad decision processes for integrating 
ecological, economic, and social considerations. 


Conclusion 

Setting goals and objectives is an essential step in conservation planning. As 
described in this chapter, conservation of biological diversity in general, and 
of RLK species in particular, is motivated in part by applicable laws and reg¬ 
ulations. Conservation is also rooted in scientific knowledge of the roles of 
ecosystems and the species they support in supplying goods and services to 
people as well as knowledge of the factors that help sustain biological sys¬ 
tems. As land managers seek to implement conservation actions, progress is 
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best judged against ecological, economic, and social criteria. These criteria 
will be effective if they are grounded in well-articulated goals and objec¬ 
tives. We have presented examples of how such goals can be expressed for 
conservation of species and ecosystems. We have also presented social goals 
and objectives focused on engaging equitable involvement by all stakehold¬ 
ers in the decision-making process, assessment of all social considerations 
of concern, and defining shared values on which to build consensus on how 
best to establish a sustainable conservation strategy. Social considerations 
should be reflected in all aspects of the assessment process. Finally, we have 
also described economic goals. Conservation of RLK species and ecosystems 
will best meet economic goals when it efficiently balances society's prefer¬ 
ences for using associated natural resources now and in the future. Non- 
market and market net benefits, alongside macroeconomic impacts, can 
uniquely make RLK species and ecosystem conservation commensurate 
with other public investment objectives. Therefore economics is an indis¬ 
pensable, but not the only, social criterion needed to decide the structure 
and magnitude of RLK species and ecosystem conservation. 

Success in the conservation of RLK species is thus based on well-artic¬ 
ulated ecological, social, and economic goals. In managing lands to achieve 
conservation of biological diversity, if land managers do not set clear goals 
then the adage, "no matter where you go, there you are," certainly applies. 
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Species Rarity: Definition, 
Causes, and Classification 


Curtis H. Flather and Carolyn Hull Sieg 


In virtually all ecological communities around the world, 
most species are represented by few individuals, and most individuals 
come from only a few of the most common species. Why this distribu¬ 
tion of species abundances is so regularly observed among different tax¬ 
onomic sets in geographically diverse systems is a question that has 
received considerable theoretical and empirical investigation (Preston 
1948, 1962; Harte et al. 1999; Hubbell 2001). Understanding the mecha¬ 
nisms leading to the pattern of few common and many rare species 
extends beyond basic interest in how natural communities are assem¬ 
bled. It is also of great practical importance to conservation science since 
human uses of ecosystems can greatly affect the pattern of commonness 
and rarity in the biota inhabiting those same ecosystems (Lubchenco et 
al. 1991). 

Because budgets for biodiversity conservation are limited, a common 
strategy for allocating scarce conservation resources has been to focus on 
species that are thought to have the highest extinction risk (Sisk et al. 
1994; Flather et al. 1998). What is the ecological justification for a conser¬ 
vation paradigm focused on rare species? How does one go about distin¬ 
guishing rare from nonrare species? And what factors contribute to species 
rarity? We address these questions so as to provide a foundation for why 
resource managers need to be concerned about rare species and how they 
can identify them. We also discuss the implications that various causes of 
rarity have on the choice, and likely success, of management actions to 
protect and enhance populations of rare species. 
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Why Do We Care about Rarity? 

Among a set of ecologically similar species, those that are rare will have a 
greater extinction risk than those that are common (Johnson 1998; 
Matthies et al. 2004). Small populations are more likely to be impacted by 
chance demographic and environmental events, such as failure to find a 
mate or reproduce, diseases, floods, and fires (Boyce 1992). Furthermore, 
the genetic simplification that often accompanies severe population 
declines can reduce a species' ability to adapt to changing environmental 
conditions, lead to higher rates of inbreeding and the expression of delete¬ 
rious genes, or, conversely, lead to outbreeding depression (Ellstrand and 
Elam 1993; Lande 1995). For these reasons, conservation science has 
become preoccupied with identifying at-risk species and focusing conser¬ 
vation efforts on those most likely to be lost from the species pool. 

The conservation focus on rare species has been further justified by the 
potential role that rare species may play in maintaining overall ecosystem 
functionality. Flow rare species affect ecosystem processes is actually a 
variant of a much broader and important ecological question: What is the 
relationship between biodiversity and ecosystem functioning (Loreau et al. 
2001)? Our understanding of the relationship between species richness 
and ecosystem function is incomplete, and this uncertainty is fueling an 
ongoing debate among ecologists (Kaiser 2000). One contention, call it the 
"complementarity hypothesis," is that niche differentiation results in 
unique resource use such that the loss of any species would reduce ecosys¬ 
tem functions (e.g., productivity, nutrient cycling, or resilience) or stabil¬ 
ity (e.g., cascading extinctions, ecosystem invasibility) (Chapin et al. 1998; 
Borrvall et al. 2000; Cottingham et al. 2001; Loreau et al. 2001; van Rui- 
jven et al. 2003). An alternative view, call it the "redundancy hypothesis," 
is that species functions are substitutable. Therefore, a tenable conserva¬ 
tion goal under this view would be to judiciously target an appropriate 
subset of species that provide for key ecosystem functions (see reviews by 
Schwartz et al. [2000] and Hector et al. [2001]). Yet a third perspective, call 
it the "facilitative hypothesis," is that the relationship between species 
diversity and function is an accelerating curve owing to the increased prob¬ 
ability of positive species interactions that manifest as increasing marginal 
gains in functional response as richness increases (Cardinale et al. 2002). 

The essence of the biodiversity-functionality debate can be captured 
with a simple conceptual graphic of three hypothetical curves (fig. 3.1). If 
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Figure 3.1. Three alternative perspectives on the relationship between biodiversi¬ 
ty (species richness) and ecosystem functionality. 


ecosystem function (however measured) has a positive linear relationship 
with species number then there is support for the complementarity 
hypothesis. If ecosystem function is approached asymptotically with 
increasing species number, reaching saturation at diversity levels below 
the full complement of species, then there is support for the redundancy 
hypothesis. Finally, if functionality is gained at an increasing rate as we 
move from species-poor to species-rich assemblages, then there is support 
for the facilitative hypothesis. 

Although there appears to be an emerging consensus that ecosystem 
function is positively related to biodiversity in both terrestrial and aquatic 
systems (Covich et al. 2004; Balvanera et al. 2006), this qualitative pattern 
does not distinguish among the functional forms in figure 3.1. Schwartz et 
al.'s (2000) literature review found that, among observational studies, 
there was only weak evidence for complementarity, whereas experimental 
studies more commonly supported redundancy. Evidence in support of 
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facilitative relationships is less common (Cardinale et al. 2002; but see 
Duarte 2000). Consequently, research results to date have not identified a 
generally accepted biodiversity-ecosystem relationship. For this reason, 
attempts to derive practical conservation implications from this research 
have been controversial and at times contentious, leaving the question 
unresolved as to what role rare species play in ecosystems. 

A number of factors contribute to the ambiguous conservation implica¬ 
tions stemming from diversity-function research. First, much of the 
research is short term and small scale, has focused on a limited set of 
ecosystem processes, has focused on the diversity-function relationship 
within a single trophic level, and has not adequately addressed whether 
diverse regional pools are critical to maintaining local species numbers 
(Hector et al. 2001; Duffy 2003; Thompson et al. 2005). Second, much of 
the experimental research has tested these relationships using ecologically 
unrealistic collections of individuals among species rather than attempting 
to mimic species-abundance distribution patterns typically observed in 
natural assemblages (Schwartz et al. 2000). Consequently, the applicability 
of these experimental findings to nonexperimental systems has been ques¬ 
tioned (Symstad et al. 2003). Third, conclusions appear to vary depending 
upon the kind of ecosystem studied (e.g., forest, grassland, soil, freshwa¬ 
ter) and the ecosystem property selected (e.g., primary productivity, nutri¬ 
ent cycling, invasibility) as the functional response variable (Rosenfeld 
2002; Balvanera et al. 2006). Evidence in support of each of the three func¬ 
tional forms (fig. 3.1) has been observed within and among studies as the 
function metric is varied (Duarte 2000). Fourth, scale dependencies (i.e., 
local versus regional effects) appear to preclude unequivocal expectations 
for how ecosystem function may behave as species are gained or lost 
(Chase and Ryberg 2004). Finally, the effect of species on ecosystem func¬ 
tion appears to vary depending on their commonness and rarity. For exam¬ 
ple, Smith and Knapp (2003) found that a threefold reduction in the diver¬ 
sity of rare species had no detectable effect on total above-ground net 
primary productivity, yet reductions in the abundance of dominant species 
resulted in immediate and negative impacts on productivity over both 
years of the study. Conversely, Lyons and Schwartz (2001) found that 
species assemblages where rare species were removed, reducing overall 
richness, were more prone to exotic species establishment than were plots 
where an equivalent biomass of common species was removed. 

Given these contrasting results from these pioneering research efforts, 
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a precautionary approach suggests that conserving the full complement of 
species would be wise until the relationships between biotic structure and 
ecosystem function are more clearly understood (Rosenfeld 2002; Lyons et 
al. 2005). Furthermore, ecosystem function is but one argument for the 
conservation of rare species. There are other, equally legitimate, arguments 
that derive from legal, ethical, aesthetic, and utilitarian values (see chaps. 9 
and 10) that are independent of the functional importance of species 
(Chapin et al. 1998; Hector et al. 2001; Rosenfeld 2002). Because species 
abundances are distributed inequitably, and because those that are less 
abundant are more likely to be lost from regional or local assemblages than 
common species, a conservation focus on rare species to maintain biodiver¬ 
sity remains justified. 


Definitions of Rare Species— 

How Do We Identify Them? 

The concept of rarity has several definitions in common usage, but in the 
lexicon of conservation biology a species' rarity is most simply based on its 
distribution and abundance (Gaston 1994). According to Reveal (1981, 42) 
"rarity is merely the current status of an extant organism which ... is 
restricted either in numbers or area to a level that is demonstrably less 
than the majority of other organisms of comparable taxonomic entities." 

An important aspect of this definition is that rarity is a relative, rather 
than an absolute, concept. Species that are restricted in numbers or spatial 
occurrence are considered to be rare relative to the distribution and abun¬ 
dance of other species making up the pool of interest. Thus it is quite com¬ 
mon to see rare species delineated based on some quantile of the frequency 
distribution of geographic range size, abundance, or both (Gaston 1994). For 
example, one may choose to define as rare that 10% of species with the low¬ 
est abundance estimates. The actual rarity cutpoint selected is a subjective 
decision, although Gaston (1994, 19) recommends using the 25th quantile 
because it is practical (for sampling reasons), and it is commonly used in the 
conservation literature. Such use of quantiles to delineate rare species is 
restricted to species that are taxonomically (e.g., plants, mammals, passer¬ 
ine birds) or ecologically (e.g., forest interior obligate, serpentine annuals) 
similar. It is difficult to conceive of how a general threshold of rarity could 
be applied to a group of species with dissimilar life histories. 
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One of the weaknesses of the quantile definition of rarity is that a 
species' status is defined based only on its rank abundance or distribution. 
Shifts in the species abundance distribution caused by natural or anthro¬ 
pogenic disturbance (e.g., Flather 1996) will not register as an increase or 
decrease in the number of rare species by the quantile definition. The 
quantile is a fixed proportion of the species pool, so while the identity of 
species constituting the "rare" set may change, the number of rare species 
remains unchanged (assuming a stable species pool size). One way to 
address this limitation is to define rarity using absolute criteria that focus 
on the occurrence (e.g., insect species recorded from < 15 10 km survey 
quadrats from a possible 2862 [Hopkins et al. 2002]) or abundance (e.g., 
woody tropical plant density < 1 individual/ha [Hubbel and Foster 1986]) 
of species across some geographic area of interest (Schoener 1987). 

Both the relative and the absolute definitions of rarity have been crit¬ 
icized for the lack of an objective ecological justification, and the decision 
of "where to draw the line" remains a difficult challenge (Magurran 2004, 
70). One approach to reduce the arbitrariness of rarity definitions comes 
from the bioassessment and monitoring literature where reference sites 
or reference conditions are used to specify the species abundance (or occu¬ 
pancy) distribution expected for pristine or minimally disturbed systems 
(Reynoldson et al. 1997). Although the definition of rarity among refer¬ 
ence sites is still characterized by an arbitrary cutoff, a rarity threshold so 
defined sets a standard against which to judge whether the degree of rar¬ 
ity is trending toward or away from that expected under the reference 
conditions. 

Three additional issues related to the definition and identification of 
rare species warrant remark. First, rarity is conditioned on the geographic 
scale of interest. Certainly a species could be regarded as rare on a local 
scale (e.g., a management unit within a nature reserve or park), yet com¬ 
mon at a regional or global scale. The effects of scale are not trivial since 
they can greatly affect the number of species that would qualify as rare 
(e.g., Butchart 2003). There is some evidence that commonness and rarity 
may be assessed more appropriately if focused on a core set of species 
within some geographic area of interest (Magurran and Henderson 
2003)—removing from consideration those that can be recognized by 
some criteria as vagrants or other nontarget species. 

Second, it should be recognized that the two criteria to judge rarity— 
geographic range and abundance—are not necessarily independent. One of 
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the more notable macroecological patterns is a positive relationship 
between a species' range and its local abundance (Brown 1995). Conse¬ 
quently, species with broad geographic ranges tend also to be relatively 
abundant locally, whereas rare species face a kind of "double jeopardy" 
(Lawton 1993) whereby their narrow distributions also tend to be charac¬ 
terized by low local abundance. So, although it may be tempting to use dis¬ 
tribution and abundance as independent axes to define categories of rarity, 
perhaps what their interrelationship suggests is that the sets of species 
identified as rare using a distribution or abundance criterion are likely to 
be very similar. This has important practical implications since the collec¬ 
tion of presence-absence data to quantify species distributions may suffice 
(He and Gaston 2000) in defining the rare species set, saving the consider¬ 
able expense associated with estimating species abundance. 

Third, sampling artifacts are prevalent among rare species, making their 
identification as rare problematic (Gaston 1994, 26; McGill 2003). Rare 
species are often cryptic or furtive or have special life history strategies 
that can reduce detectability, leading ultimately to substantial underesti¬ 
mates of distribution or abundance if sampling is not done at the appropri¬ 
ate time or place as discussed further in chapters 4 and 5. These detectabil¬ 
ity issues can cause two kinds of error. Most obviously, underestimates of 
abundance or range can inflate the number of species considered to be rare. 
The literature has many examples of a species considered to be rare turn¬ 
ing out to be much more abundant or widespread than originally thought 
(e.g., Espadaler and Lopez-Soria 1991; NavarreteHeredia 1996). A less 
obvious error can occur when a rare species is not detected at all and is 
therefore omitted from the rarity list within an area of interest (Green and 
Young 1993; Venette et al. 2002). 


Causes of Rarity 

As we reviewed earlier, relatively uncommon species dominate most 
species assemblages—whether one samples pristine or perturbed systems 
(McGill 2003). For this reason, there is no ecological justification for 
treating rarity only as an acquired characteristic of species whose num¬ 
bers or distributions have been eroded by anthropogenic activities. Rather, 
the number of rare species varies from place to place because of natural 
variation in species abundance distributions, or variation in levels of 
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anthropogenic stress. Therefore, the causes of rarity can be lumped into 
two broad categories: (1) natural or intrinsic causes defined by a species' 
inherent biological or ecological characteristics; and (2) anthropogenic or 
extrinsic causes defined by harmful human activities that have resulted in 
limited distribution and abundance, independent of their biology (Partel 
et al. 2005). Although there is a tendency to discuss intrinsic causes of rar¬ 
ity as factors predisposing species to elevated extinction risk that is ulti¬ 
mately governed by human impacts (McKinney 1997), Partel et al. (2005) 
found little overlap between the group of vascular plant species consid¬ 
ered intrinsically rare and the group thought to be extrinsically rare. 
Therefore, a separate discussion of intrinsic and extrinsic causes of rarity 
seems warranted. 


Rarity as an Intrinsic Attribute of Species Assemblages 

There is a long and well-known list of inherent biological and ecological 
attributes that are associated with rare species, and these attributes are 
often used to classify species into categories of rarity for regulatory or con¬ 
servation planning purposes (see section on "Classifications of Rare 
Species and Conservation Priority"). Any assemblage of species is expected 
to have a relatively high number of species with limited abundances or 
restricted geographic ranges for no other reason than that the number of 
individuals and their pattern of occurrence follow a statistical distribution 
with greater frequencies toward the rare end of the scale. It is important 
that resource managers acknowledge rarity as an intrinsic property of a 
suite of species inhabiting any given locale. 

Other natural factors that are associated with limited distribution or 
abundance can be further classified into species traits and ecosystem 
traits. Species traits include those factors affecting basic population vital 
rates such that species with "slow" life histories (e.g., low growth rates, 
small litter size, long generation time, few reproductive episodes in a life¬ 
time) may be predisposed to extinction risk (McKinney 1997) and may 
also be disproportionately represented among species considered to be 
rare (Pilgrim et al. 2004). Related species traits that may also be associated 
with rarity include large area requirements, occupying higher trophic lev¬ 
els, complex social structure, high specialization (or low ecological ampli¬ 
tude), low vagility, and large body size (McKinney 1997; Purvis et al. 
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2000b). Ecosystem traits are characteristics of the environments inhabited 
by species. Some habitats have inherently low carrying capacities (Harper 
1977), or suitable habitat may occur only rarely across the landscape (Par- 
tel et al. 2005), both of which will constrain the observed abundance or 
occurrence levels of species. Still other environments may be character¬ 
ized by natural disturbance regimes that act to depress the abundance lev¬ 
els of some species (Boughton and Malvadkar 2002), increasing the like¬ 
lihood that those species would fall below some defined rarity threshold. 
Certainly, species traits can interact with ecosystem traits to affect the 
expression of species rarity. Habitat specificity (species trait), availability 
of suitable habitat (ecosystem trait), and dispersal capability (species trait) 
will jointly affect the potential rarity of a species. For example, regional 
endemics typically have high specificity and are restricted to one or a few 
sites where their appropriate habitat occurs (Kruckeberg and Rabinowitz 
1985). 

A final intrinsic factor that may explain some of the variation in 
observed rarity rates is actually an emergent property of species that share 
a common taxonomy. Taxon size, or the number of species within a partic¬ 
ular taxonomic level (e.g., family, genus), is thought to be a potentially 
important trait that presages the prevalence of rarity among a set of 
species. However, conclusions to date are equivocal, with plants and insects 
showing evidence that diverse taxa have more rare species than expected if 
rarity occurred randomly among a collection of species (Schwartz and 
Simberloff 2001; Ulrich 2005), whereas species-poor taxa have dispropor¬ 
tionately high rarity among birds and mammals (Russell et al. 1998; 
Purvis et al. 2000a). An explanation for the observed divergence in the 
taxon-size effect is being debated, but it may be related to what Kelly 
(1996) termed the "cost of mutualism." Species whose life histories are 
linked inextricably, such that the fate of one is conditioned on the fate of 
the other, may constrain the mutualists to a rarer existence than those not 
linked in this way. It is noteworthy that such interspecific interactions are 
prominent among plants and insects. For example, plant species with spe¬ 
cialized pollinators or seed dispersers that are declining, or butterflies 
dependent on endangered larval host plants, are especially vulnerable to 
these cascading effects (Pilgrim et al. 2004). Indeed, Koh et al. (2004) esti¬ 
mated that there may be as many as 6300 species that are "coendangered" 
through such symbiotic relationships. 
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Extrinsic Factors Resulting in Increased Rarity 

Human alteration of the environment has become so pervasive that no 
ecosystem is free of the impacts that Vitousek et al. (1997) attributed to the 
"growing scale of the human enterprise." Caughley (1994) also observed 
that human factors are implicated in most post-Pleistocene extinctions. 
The principal human factors that reduce species abundance have been cat¬ 
egorized in various ways—often with metaphorical reference to the "evil 
quartet" (Diamond 1989, 39) or the "mindless horseman of the environ¬ 
mental apocalypse" (Wilson 1992). Although the factors constituting these 
lists vary, the common denominators are human land transformations 
leading to habitat loss and degradation; biotic mixing stemming from the 
introduction of nonindigenous (exotic) species; direct human exploitation 
for control, subsistence, or collecting; and pollution through the alteration 
of biochemical cycles or the introduction of synthetic organic compounds. 

Habitat loss and habitat degradation may rank as the most important 
factors leading to increased rarity—they are certainly the most cited fac¬ 
tors contributing to the listing of species as threatened or endangered 
under the Endangered Species Act (ESA), and imperiled under Nature- 
Serve's classification (table 3.1). In the United States, agricultural conver¬ 
sion and its associated land management practices, land conversion for 
urban and commercial development, and water developments are the top 
three types of habitat alterations threatening species (Wilcove et al. 2000). 


Table 3.1. The percentage of species listed as threatened 
or endangered in the United States under the Endangered Species 
Act or ranked as imperiled under NatureServe's classification 
whose increased rarity was judged to be affected by five 
major factors (from Wilcove et al. 2000, 243) 



Number 
of Species 

Habitat Loss/ 
Degradation 

Exotic 

Species 

Pollution 

Exploitation 

Disease 


Percent of Species 



All species 

1880 

85 

49 

24 

17 

3 

Vertebrates 

494 

92 

47 

46 

27 

11 

Invertebrates 

331 

87 

27 

45 

23 

0 

Plants 

1055 

81 

57 

7 

10 

1 
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Habitat loss and degradation also rank as the leading causes of mammal 
extinctions in Mexico (Ceballos and Navarro 1991), are implicated in 70% 
of the vertebrates considered to be imperiled in China (Li and Wilcove 

2005) , and in 84% of 488 endangered species in Canada (Venter et al. 

2006) . 

After habitat loss and degradation, interactions with exotic species are 
considered the next most important cause of species imperilment in the 
United States (Flather et al. 1994; Wilcove et al. 2000). Exotic species affect 
nearly 50% of imperiled or federally listed species (see table 3.1), and are 
particularly harmful to the native biota inhabiting island systems (Sim- 
berloff 1995). Exotic organisms can contribute to the rarity of species 
through a number of mechanisms, including predation, pathogenesis, com¬ 
petition, hybridization, and alteration of disturbance regimes (Crooks 

2002) . For many rare species, the spread of exotic species can further 
reduce the odds of recovery. Such is the case with four species of endan¬ 
gered fish in the greatly altered lower Colorado River ecosystem, where 
predation by nonnative fish precludes their recruitment (Minckley et al. 

2003) . Declines in some mammal species in Mexico have been linked with 
the introduction of cats, pigs, goats, and rats (Ceballos and Navarro 1991). 
The accidental or intentional introduction of nonnative species is increas¬ 
ingly being recognized as contributing to the decline of species worldwide 
(Pimentel et al. 2000). However, the prevalence of exotic species introduc¬ 
tions as a factor contributing to species rarity does vary greatly among 
studies. In an analysis of the global Red List of Threatened Species main¬ 
tained by the International Union for the Conservation of Nature and Nat¬ 
ural Resources (IUCN), Gurevitch and Padilla (2004) found that only 6% 
of imperiled taxa listed exotic species as either a direct or an indirect factor 
contributing to their decline, and Li and Wilcove (2005) found that the 
threat of alien species was cited in only 3% of imperiled Chinese verte¬ 
brates. 

Pollution and human exploitation are the next most important factors 
listed as contributing factors to imperiled species in the United States. 
Some pesticides, such as DDT, were considered the primary cause of 
increased rarity among a number of bird species, but have now been 
banned in the United States. Unfortunately, some pesticides prohibited in 
the United States are still widely used in other countries, such as Mexico, 
and may be responsible in declines of insectivorous bats (Ceballos and 
Navarro 1991). Other forms of pollution, including siltation and agricul- 
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tural amendments, continue to be an important cause of rarity, especially 
among aquatic species in the United States (Wilcove et al. 2000). The 
rapidity with which pollution agents can decimate species is well illus¬ 
trated by recent population collapses among several Old World vultures 
across the Indian subcontinent—collapses that were ultimately traced to 
birds feeding on livestock carcasses treated with a common antiinflamma¬ 
tory drug (Green et al. 2004). Direct exploitation by humans is often high¬ 
lighted as an important factor contributing to rarity. However, overex¬ 
ploitation is blamed for the listing of only 17% of threatened and 
endangered or imperiled species in the United States (see table 3.1). Even 
fewer species (7.6%) are on the global IUCN Red List because exploitation 
is considered an important factor in their population decline (Gurevitch 
and Padilla 2004). However, as is the case with most of these factors, the 
relative importance of exploitation does vary among taxa and locale. In 
Canada, overexploitation contributed to declines of 32% of endangered 
species (Venter et al. 2006); in Estonia, an estimated 31% of plants are 
threatened by collection (Partel et al. 2005); and overexploitation is cited as 
a contributing factor to increased rarity of 78% of imperiled Chinese ver¬ 
tebrates (Li and Wilcove 2005). 


Management Implications 

Understanding the causes of rarity is fundamental to developing strategies 
to reduce extinction threats associated with species rarity. Indeed, the par¬ 
ticular causes of rarity may dictate the suite of management approaches 
that will be most successful in species recovery efforts (see chap. 8). More¬ 
over, if the likelihood of success is a criterion used to set conservation pri¬ 
orities (see Mace and Lande 1991), then an understanding of rarity could 
also help identify which species are most likely to respond to management 
efforts. 

For instance, species that are naturally rare, and those that have been so 
over evolutionarily significant periods of time, may have life history char¬ 
acteristics adapted to their rarity. Species that are intrinsically rare may 
not warrant management directed at intensive "population recovery" 
efforts, for there may be very little practical opportunity for accomplish¬ 
ing such a conservation objective. For these species, extensive efforts to 
protect their habitat (see "Locations of Target Species at Risk" in chap. 6) 
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Table 3.2. Conservation priorities based on 
population trajectories and causes of species rarity 


Population 

Trajectory 

Cause of Rarity 

Intrinsic (natural) 

Extrinsic (anthropogenic) 

Increasing 

No immediate 
conservation concern 

Population recovering, conservation 
priority conditioned on deviation from 
historical occupancy or abundance 

Stable 

No immediate 
conservation concern 

Population maintaining, conservation 
priority conditioned on deviation from 
historical occupancy or abundance 

Decreasing 

High conservation 
priority but prospects 
for recovery may be 
limited 

High conservation priority but 
prospects for recovery may be great 


may be sufficient to ensure their persistence. Certainly the "double jeop¬ 
ardy" (Lawton 1993) associated with small populations and restricted dis¬ 
tributions makes extinction risk a concern for naturally rare species, but it 
may be that conservation priorities can only be set after considering 
extrinsic factors that may be further eroding the population or distribution 
of intrinsically rare species (table 3.2). 

Conversely, species that have become rare rather recently due to human 
land transformation activities or direct exploitation may not have life his¬ 
tory characteristics that are adapted to low numbers and may actually be 
more threatened with extinction than intrinsically rare species. However, 
extrinsically rare species may, paradoxically, be more responsive to man¬ 
agement actions designed to ameliorating the anthropogenic threats (see 
table 3.2; see also Barrett and Kohn 1991; Gaston and Kunin 1997). Among 
the rare flora of Estonia, Partel et al. (2005) estimated that nearly 50% (of 
301 species) would benefit if land management on grassland, agriculture, 
and forestry lands shifted from intensive to more traditional extensive 
land management (see "Maintaining Disturbance Regimes" in chap. 7). An 
additional 18% of species threatened by collecting would benefit from 
upgrading legal regulations and public education. Such examples provide 
hope that rare species with declining population trajectories driven largely 
by extrinsic factors have high prospects for recovery if shifts in public val¬ 
ues are sufficiently strong to alter our resource management behavior and 
the way we derive goods and services from ecosystems (see chaps. 9 and 10). 
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Rarity and Threat 

Species considered threatened with extinction will more than likely also be 
considered rare. The converse is not necessarily true. A species may qual¬ 
ify as rare but may not be considered at risk of extinction (Gaston 1994). 
This may seem to contradict an earlier statement that rare species are more 
likely to become extinct than common species. However, we are not com¬ 
paring rare with common species here. Rather, if we restrict our compari¬ 
son to those species determined to be rare, not all will share the same prob¬ 
ability of persistence—which is to say that the risk of extinction will vary. 
Consequently, one element considered in establishing conservation prior¬ 
ities is to focus on the subset of rare species that are under the greatest 
threat or most vulnerable to extinction (Mace and Lande 1991). 

One of the early reviews of the concept of threat was completed by 
Munton (1987) and many of the criteria for evaluating threat are the 
same criteria that have been used to define rarity—a confounding of ter¬ 
minology that is common in the literature. However, Munton's (1987) 
review highlights the role of population dynamics in evaluating threat. 
Rare species that have been, in the recent past, declining in abundance or 
occupancy are more threatened than rare species with stable or increas¬ 
ing trends. Furthermore, the degree of threat assigned to a species can 
also be affected by the predicted trends in distribution or abundance in 
response to various human impacts. These early, sometimes character¬ 
ized as subjective, efforts to evaluate threat based on population dynam¬ 
ics actually foreshadowed the emergence of population viability analysis 
as a standard approach to persistence probability estimation (Boyce 
1992). Unfortunately, the substantial data requirements for formal via¬ 
bility assessments will limit the number of species for which a viability- 
based threat assessment can be completed (see "Conservation of Individ¬ 
ual Species Based on the Concepts of Population Viability" in chap. 6). 
However, there is emerging evidence that categorizations of threat can be 
predicted using a combination of intrinsic life history traits and esti¬ 
mated population variances from temporal monitoring programs—a 
much more limited and feasible set of data requirements when compared 
to a typical population viability analysis. Fagan et al. (2001) were able to 
rate the vulnerability of more than 750 species into three broad extinc¬ 
tion threat categories. They were also able to show for mammals that 
body size, age at first reproduction, and average number of offspring cor- 
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rectly predicted the extinction threat category for 83% (60 of 72) of 
species. 

Until further research can verify whether the "shortcut" approach 
examined by Fagan et al. (2001) has broad applicability, uncertainty (i.e., 
data-poor species) will continue to plague efforts to evaluate threats to rare 
species. Obviously, uncertainty affects which species can be evaluated, but 
it can also affect how we assign species into certain threat categories. Under 
the precautionary principle, conservationists often pursue a risk-averse 
strategy such that species may be placed in a higher threat category, or at 
least placed in a category that acknowledges the uncertainty (e.g., sus¬ 
pected threatened), to guard against treating a species as relatively secure 
when it is in fact at risk. Given the lack of knowledge about the status of 
species in most taxonomic groups, this strategy has the potential to desig¬ 
nate a large number of species as threatened with extinction due to their 
"little known" status (Mace 1994; and see chap. 4). The risk-averse strat¬ 
egy for judging extinction threat is a double-edged sword. On the one 
hand it guards against an undesirable and irreversible outcome—species 
extinction (Prato 2005). On the other hand, inaccuracies in judging threats 
may erode public support for biodiversity conservation (Roberts and 
Kitchener 2006). 


Classifications of Rare Species 
and Conservation Priority 

A number of strategies have been proposed to classify the members of an 
assemblage into rarity categories. Perhaps the best known classification 
strategy for rare species is Rabinowitz's (1981; Rabinowitz et al. 1986). Her 
classification is based on three attributes: geographic range (wide, narrow), 
local abundance (somewhere large, everywhere small), and habitat speci¬ 
ficity (broad, restricted). This leads to eight classes: one abundant class, 
where a species has a wide geographic range, is abundant in some places, 
and has broad habitat requirements; and seven different forms of rarity. 

A number of classification strategies have been proposed to assign con¬ 
servation priorities to rare species. We reviewed a subset of strategies used 
by nongovernmental organizations and various countries in an attempt to 
identify factors used in assigning conservation priorities (table 3.3). Our 
intent in selecting the strategies we reviewed was not to be comprehensive, 
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but rather to demonstrate how different factors contributing to rarity are 
incorporated in various classification schemes for assigning conservation 
priorities to rare species. The majority of the classification strategies we 
reviewed used measures of distribution and abundance to identify rare 
species, then assigned them into conservation priority classes. This pattern 
was expected given that distribution and abundance are fundamental to 
discussions of rarity. Trend information in either abundance or distribution 
was used in many classification strategies to help identify species that may 
not currently qualify as rare but may be on a trajectory toward rarity in 
the future. The pattern of spatial occurrence was used in over half of the 
classifications reviewed as a means of capturing the fine-scaled pattern of 
landscape occupancy. The spatial occurrence pattern differs from species 
distribution in that it considers whether a population occurs somewhat 
ubiquitously or patchily throughout its geographic range, and can reflect 
whether a species is a habitat specialist. 

In addition to geographic range, abundance, and habitat specialization, 
other ecological attributes may be considered in assigning conservation 
priorities to rare species. Intrinsic, or natural, attributes that can place 
species at higher risk include a low reproductive potential (Millsap et al. 
1990; Ceballos and Navarro 1991), taxonomic distinctiveness (Millsap et 
al. 1990; Cofre and Marquet 1999), and fragility, or a species' sensitivity to 
perturbations or intrusions of its biological or physical environment (Mas¬ 
ter et al. 2000). Extrinsic factors, including habitat condition and amount 
of habitat occurring in protected areas (Partel et al. 2005), as well as other 
anthropogenic threats to the species are considered in nearly all of the 
strategies we reviewed to assign conservation priorities to rare species. 
Only two strategies use an assessment of population viability, which incor¬ 
porates both intrinsic and extrinsic factors in an attempt to estimate 
extinction probability. Population viability is a function of population size, 
number, and condition of occurrences and trends in these factors, as well as 
threats and landscape connectivity (Master et al. 2000). 

The strategies we reviewed differ in the classes (or rankings) of rare 
species. NatureServe (2006) assigns global (G), national (N), and state (S) 
level ranks that define the spatial scale over which relative imperilment is 
assessed. This geographic identifier is followed by a whole number 
between 1 and 5 to indicate the conservation status of plants, animals, and 
communities (Master et al. 2000; NatureServe 2006). The numbers are 
defined as 1, critically imperiled; 2, imperiled; 3, vulnerable to extirpation 
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or extinction; 4, apparently secure; and 5, demonstrably widespread, abun¬ 
dant, and secure. A species that is critically imperiled on a rangewide basis 
would be ranked as Gl, whereas a species ranked as SI would be critically 
imperiled in a particular state, regardless of its status elsewhere. Criteria 
used in ranking species include (1) total number and condition of occur¬ 
rences, (2) population size, (3) range extent and area of occupancy, (4) 
short- and long-term trends in the foregoing factors, (5) threats, (6) 
fragility, and (7) number of adequately protected populations (Master et al. 
2000 ). 

The IUCN Red List of Threatened Species is based on risk of extinction 
criteria (IUCN 2001, 2005). The main criteria used in assessing extinction 
risk include (1) population size, (2) geographic range (both extent of occur¬ 
rence and area of occupancy), and (3) population size trajectory. However, 
concepts of threat are also recognized within these criteria, including 
degraded habitat quality, levels of exploitation, and the effects of intro¬ 
duced taxa, hybridization, pathogens, pollutants, competitors, or parasites 
(IUCN 2001). Further, the Red List criteria have procedures for recogniz¬ 
ing and dealing with three types of uncertainty: natural variability, seman¬ 
tic uncertainty, and measurement error (Akgakaya and Ferson 2001). The 
recommended approach is precautionary as opposed to evidentiary and 
provides plausible ranges of parameters used to evaluate the criteria 
(IUCN 2001). 

Canada, Australia, and Mexico use IUCN criteria as a basis for their 
national strategies for assigning conservation priorities to rare species. 
Canada's recently passed Species at Risk Act recognizes "endangered species" 
as "wildlife species facing imminent extirpation or extinction" and "threat¬ 
ened species" as "a wildlife species that is likely to become an endangered 
species if nothing is done to reverse the factors leading to its extirpation or 
extinction" (Irvine et al. 2005). Criteria for designating a species as endan¬ 
gered include (1) a declining population size; (2) a small distribution with 
declining or fluctuating abundance; (3) a small, declining population size; (4) 
a very small population size; or (5) a probability of extinction in the wild > 
20% in 20 years or five generations, whichever is longer (Irvine et al. 2005). 

Australia recognizes "critically endangered," "endangered," and "vul¬ 
nerable" species based on the total number of mature individuals, the 
degree to which populations of a species have become reduced, the esti¬ 
mated rate at which the number of individuals will continue to decline, the 
degree to which its geographic distribution is precarious for its survival 
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and how restricted the distribution is, and the probability of the species' 
extinction in the wild (Office of Legislative Drafting 2004). 

Mexico recognizes species that are in danger of becoming extinct, 
threatened species, and species subject to special protection (SEMARNAP 
2002). Species classified as in danger of becoming extinct are characterized 
by drastic recent reductions in their distribution or population sizes, which 
have reduced their viability due to factors such as destruction or modifica¬ 
tion of their habitat, overuse, or diseases. Threatened species are in danger 
of becoming extinct if factors that negatively affect their population viabil¬ 
ity by diminishing their population size or destroying their habitat are not 
addressed. Species subject to special protection are in danger of becoming 
threatened by factors affecting their population viability and for which 
special recovery actions are needed to restore their populations, habitat, or 
associated species necessary for their recovery. 

In contrast to strategies based on the IUCN criteria, the U.S. Fish and 
Wildlife Service identifies "endangered" or "threatened" species for pro¬ 
tection under the ESA. "Endangered" refers to a species "in danger of 
extinction throughout all or a significant portion of its range," and a 
"threatened" species is "likely to become an endangered species within the 
foreseeable future throughout all or a significant portion of its range" 
(Endangered Species Act, 16 U.S.C. §§ 1531-36,1538-40, Sec. 3(6) and Sec. 
3(20)). Criteria used to classify species into these rarity categories include 
(1) present or threatened destruction, modification, or curtailment of its 
habitat or range; (2) overutilization for commercial, recreational, scientific, 
or education purposes; (3) disease or predation; (4) inadequacy of existing 
regulatory mechanisms; or (5) other natural or human-made factors 
affecting its continued existence. 

Our intent in reviewing these classification strategies was to provide an 
overview of the kinds of ecological attributes that are considered in assign¬ 
ing species to rarity categories. We have resisted evaluating which of these 
strategies, by some standard, is "the best" for conserving rare species for a 
number of reasons. First, the selection of an existing classification strategy, 
or the decision to develop a new strategy, will depend on the resource man¬ 
ager's conservation objectives (see chap. 2). Moreover, the conservation 
strategies we review in table 3.3 vary in their data requirements, with 
some focusing primarily on current distributional characteristics (e.g., 
Ceballos and Navarro 1991), and others requiring distributional and abun¬ 
dance trend data, or data on demographic rates (e.g., Millsap et al. 1990). 
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The kinds of data available will certainly affect resource managers' deci¬ 
sions about which classification strategy to implement. 

Such considerations notwithstanding, others have evaluated the relative 
strengths and weaknesses of rarity classification systems. De Grammont 
and Cuaron (2006) reviewed 25 systems used in North America to catego¬ 
rize threatened species. Based on 15 characteristics that relate to risk cate¬ 
gories, criteria, and other system characteristics, they ranked the IUCN 
(2001) system as having the highest number of desirable characteristics. In 
particular, the IUCN (2001) system was superior in that it clearly defines 
categories and criteria, was the only system that considers uncertainty in 
the assessment, and was applicable at both national and regional levels (de 
Grammont and Cuaron 2006). Their recommendations for improving the 
IUCN (2001) assessment approach focused on defining locations quantita¬ 
tively and removing subjective words such as "typically." Rodrigues et al. 
(2006) also found the IUCN (2001) assessment protocols to be useful and 
noted the need for compiling point locality data that will be useful in both 
identifying priority sites for conservation and rapidly updating species 
conservation assessments in the future. Other authors (e.g., Eaton et al. 
2005) have concurred on the need to remove subjectivity in IUCN (2001) 
protocols, especially in regard to the persistence potential of species whose 
status is secure in other regions. Although varying objectives and data 
availability will affect the choice of which rarity classification schemes can 
be used, perhaps what these evaluation efforts offer is a rigorously defined 
goal that resource managers can strive to meet with incremental inventory 
improvements over time (see chap. 5). 


Conclusion 

Rarity in natural systems is common. In any given species assemblage, 
most species will be relatively rare, whereas only a few will be common. 
Rarity is most often defined by two attributes: a species' distribution and its 
abundance. Species are considered rare if their area of occupancy or their 
numbers are small when compared to the other species that are taxonomi- 
cally or ecologically comparable. Conservation science is concerned with 
how natural or human-caused changes to ecosystems affect both the num¬ 
ber of species considered to be rare, and the population trends of species that 
are rare. Because species abundances are distributed inequitably, and 


60 


CONSERVATION OF RARE OR LITTLE-KNOWN SPECIES 


because those that are less abundant are more likely to be lost from regional 
or local assemblages than common species, a conservation focus on rare 
species in order to maintain biodiversity appears justified. 

However, given that species might be naturally rare and not considered 
at risk of extinction, conservation science must also consider the immedi¬ 
acy of the threats to species in order to identify those rare species that have 
the greatest likelihood of being lost. A number of strategies for classifying 
rare species have been proposed, with most using information on the cur¬ 
rent status or trends in the distribution and abundance of a species either 
to determine if a species qualifies as rare or to categorize the species into a 
rarity type. Conserving rare species should focus on factors that have 
resulted in increased rarity: habitat loss and degradation, introduction or 
invasion of exotic species, pollution, and direct human exploitation. Species 
that have become rare recently due to extrinsic human activities may not 
have life history characteristics that are adapted to low numbers and may 
actually be more threatened with extinction than intrinsically rare species 
but may also be more responsive to management actions that address the 
anthropogenic threats. 

Although rarity is common among taxonomic groups that are well stud¬ 
ied, our current understanding of rarity may in fact be biased. Much of the 
world's biodiversity remains poorly studied and our ignorance about the full 
complement of species inhabiting a given locale limits our ability to quan¬ 
tify "who is" and "who is not" rare and this impedes our ability to assess 
potential impacts of resource management activities on RLK species. This 
leads to what Molina and Marcot call the "conundrum" of little-known 
species, the implications of which are the subject of the next chapter. 
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Definitions and Attributes of 
Little-Known Species 

Randy Molina and Bruce G. Marcot 


The number of species worldwide has been estimated as 5 to 30 
million (Wilson 1988). Only about 1.4 to 1.6 million of those species have 
been formally described, and even that number is relatively uncertain 
given the vagaries of systematic convention, geographic variation in 
species traits, and high levels of taxonomic synonymy (Stork 1997). Most 
of the global biodiversity, at least as reflected in species number, is 
unknown to science. Global patterns of estimated known and unknown 
number of species (fig. 4.1) suggest that the greatest unknowns among 
macro- and mesoscopic species occur with arthropods, fungi, and mollusks, 
but the gaps between known and unknown are likely even greater with 
microscopic species such as soil bacteria. Although much of this phantom 
biodiversity occurs in the species-rich tropics, there is a lack of comprehen¬ 
sive descriptions of many taxonomic groups in temperate areas as well. 

This global pattern is repeated regionally. For example, in the inland 
West of the United States, of the taxa included in a major regional assess¬ 
ment (the Interior Columbia Basin Ecosystem Management Project of 
USDA Forest Service and USDI Bureau of Land Management), the greatest 
disparity between known and estimated numbers of species occurred with 
arthropods, fungi, and mollusks (fig. 4.2) over an area of 58,470,000 ha. 

Before including little-known species in conservation programs, partic¬ 
ularly from species-rich taxa such as fungi and arthropods, it is important 
to understand the inherent difficulty in gathering new information to 
determine their taxonomic and conservation status. For example, many 
species in these rich but little-known taxa are extremely difficult to detect 
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V High estimate A Low estimate X Known 


Figure 4.1. Global number of estimated and known species by taxonomic group. 
Source: Wilson 1988. 



A Estimated X Known 


Figure 4.2. Number of estimated and known species by taxonomic group, as eval¬ 
uated for the interior U.S. Columbia River basin. Values were derived from multi¬ 
ple taxa experts and compilations of species lists. Viruses, algae, phytoplankton, 
zooplankton, and most aquatic arthropods are not included. Richness of microfun¬ 
gi, bacteria, protozoa, and nematode species is largely unknown but may run into 
tens or hundreds of thousands of species. Source: Marcot et al. 1998. 
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due to their inconspicuous nature (figs. 4.3, 4.4). They are often hidden 
(e.g., buried in substrate) or so small that locating them is extremely dif¬ 
ficult or impractical. Some species are simply too small to be readily 
detected in the field. Others have reproductive structures so minuscule 
(e.g., soil microarthropods) or diagnostic structures so obscure (some 
bryophytes) that microscopic examination and special expertise are 
required for identification. Some lichens cannot be reliably identified to 



Figure 4.3. Examples of lichen and moss species in forests of the U.S. Pacific 
Northwest with detectability or identification difficulties, which may lend to their 
being little known in distribution or ecology, (a) Microscopic characteristics (60x): 
cord moss ( Atrichum selioynii). The family, Polytrichaceae, is characterized by 
capsules, shown here, with 64 blunt peristome teeth, determined with a hand lens; 
the genus is among the smaller mosses in this family; the similar genus Timmia 
never has lamellae (upright ridges on the upper leaf surface), also requiring a hand 
lens for identification, (b) Microchemical tests and microscopic characteristics 
(60x): pixie cup lichen ( Cladonia fimbriata). Identified by the medulla (loosely 
packed fungal hyphae below the photosynthetic zone) being K- (potassium 
hydroxide, negative results), P+ (p-phenylenediamine, positive results of red 
color), and UV- (no fluorescence under ultraviolet light); and told from C. 
chlorophaea and similar species by its powdery soredia (algal cells in fungal fila¬ 
ments) inside and outside the cups, and by cup shape and structure, (c) Hidden 
occurrence: podetium (stalk) of a Cladonia lichen growing within a clump of 
Pohlia cruda moss on a tree trunk, (d) Microchemical tests and mesoscopic charac¬ 
teristics (60x): beaded bone lichen ( Hypogymnia enteromorpha). Distinguished 
from the similar H. apinnata by its short, budded side lobes and being P+ and KC+ 
(potassium hydroxide and sodium hypochlorite test, positive results). (All photos 
by Bruce G. Marcot.) Source: McCune and Geiser 1997; Vitt et al. 1988. 







Figure 4.4. Examples of animal species with detectability or identification diffi¬ 
culties, which may lead to their being little known in distribution or ecology, (a) 
Microspiders (family Micryphantidae), full-grown adults shown on a U.S. penny 
(60x). Microspiders are numerous in abundance and species and play key preda¬ 
ceous ecological roles in soil food webs but are seldom seen, occurring in litter, 
duff, and soil layers. Many species may be undescribed, (b) Soil springtails or 
snowfleas ( Hypogastrura sp.; family Hypogastruruidae) (200x). Occur in great 
numbers in the upper soil and litter layers of forests, may be important decom¬ 
posers of soil fungi, lichens, bacteria, and decaying plant matter, and creators of 
topsoil. Some species may be undescribed and difficult to study, although their 
general presence can indicate healthy and productive soils, (c) Soil mite 
(Pergamasits sp.; family Parasitidae) (60x). Usually < 1 mm (0.04 in.) long, they 
are difficult to identify to species. Many species are likely undescribed but are 
numerous and key to soil health through their chewing, decomposition, and her- 
bivory functions, (d) Soil springtail ( Ptenothrix [Dicyrtoma] maculosa; family 
Dicyrtomidae) (60x). Tiny soil predators of mites and other invertebrates; difficult 
to identify to species by nonexperts, (e) Immature Pacific (coastal) giant salaman¬ 
der ( Dicamptodon tenebrosus; family Dicamptodontidae) shown with a U.S. quar¬ 
ter. Adults more often found, but immatures seldom so, being tiny and cryptic or 
hiding at the bottom of streams; little is written of habitat ecology and environ¬ 
mental physiology of immatures. (f) Land snail ( Limicolaria subconica; family 
Achatinidae), Congo River Basin, Africa. Hidden beneath leaves of shrubs, can eas¬ 
ily escape detection. (All photos by Bruce G. Marcot. Photos (a) through (e) from 
U.S. Pacific Northwest.) 
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species without chemical tests. Many species are hidden in the forest floor, 
and extensive movement or sampling of substrates is required to find indi¬ 
viduals. Hypogeous fungi (truffles), for example, fruit several centimeters 
below the forest floor and duff layer, and many mollusks or salamanders 
live on the undersides of leaves and woody debris or in talus. Others, such 
as arboreal arthropods, mammals, and lichens, live high in the canopies 
where extensive climbing or branch clipping might be required to sample 
species. Such attributes challenge our ability to locate and monitor these 
species. 

Many little-known taxa share other life history characteristics, partic¬ 
ularly reproductive strategies and seasonality, which also make detection 
difficult. Mollusks and amphibians are more active and detectable during 
wet, warm periods than during dry, cold periods, so effective surveys in 
regions such as the U.S. Pacific Northwest are limited to spring and fall. 
Multiple site visits and surveys may be needed to detect surface-active 
individuals, especially if populations are patchy, small in size, or unpre¬ 
dictable in substrate occurrence. Fungi offer one of the greater challenges 
because of their highly ephemeral nature and eruptive occurrence. Some 
reproduce (develop fruiting structures) in spring or fall. Timing and 
occurrence of fall reproduction is sensitive, however, to onset of rainfall 
(soil moisture) and patterns of temperature change. In many years, fungi 
will not reproduce, so 5 years of sampling in one location are typically 
required to determine their presence and diversity (O'Dell et al. 1999; 
Molina et al 2001). Many little-known species of fungi and other taxa also 
are highly patchy in distribution, which may be a response to unique 
microsite habitat requirements and past disturbances. The consequences 
of difficult detectability are discussed further under sampling considera¬ 
tions in chapter 5. 

This chapter briefly explores causes that underlie the "little-known" 
conundrum and the types of information needed to make science-based 
decisions on conservation management of little-known species. We discuss 
information needs in light of the perceived risk to the species and for meet¬ 
ing other broad management objectives, such as sustainable timber har¬ 
vest. We also reference examples from the Survey and Manage species 
conservation program that attempted to survey and conserve rare, little- 
known species of bryophytes, fungi, lichens, mollusks, amphibians, and 
arthropod groups as part of the Northwest Forest Plan in the Pacific 
Northwest (Marcot and Molina 2006; Molina et al. 2006). Chapter 5 then 
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builds on combining concepts of rarity (chap. 3) and little-known (this 
chap.) to discuss the science implications of conserving species that are 
both rare and little-known. 


Primary Causes of "Little-Known" Status 

Little-known species fall into three categories of knowledge uncertainty: 
(1) taxonomic uncertainty, which occurs with overwhelming diversity and 
incomplete taxonomic description (and limited expertise of most 
observers); (2) distributional uncertainty, which occurs when few or no 
species inventory data are available; and (3) ecological uncertainty, which 
occurs with poor ecological understanding. For some species, information 
may be lacking in one or two of these categories, but for the great bulk of 
little-known species, lack of information generally stems from all three 
causes. The categories we provide evolve from the fact that little-known 
species are inconspicuous and difficult to detect, which leads to a lack of 
knowledge. 


Taxonomic Uncertainty 

It is important to understand the taxonomy of species before striving to 
conserve them. In addition to practical considerations of identification, tax¬ 
onomic information brings with it an understanding of relatedness of 
species. This can be of conservation value when related species share a sim¬ 
ilar life history or ecology. Unfortunately, providing taxonomic clarity for 
little-known species comes with many challenges. Some taxonomic groups 
can number in the tens of thousands of species at the regional scale (e.g., 
soil microarthropods). With such overwhelming numbers of species, it is 
not surprising that most remain undescribed. At best, there may be a gen¬ 
erally poor understanding of their taxonomy and systematics. 

Hawksworth (1991), for example, hypothesized that, of the estimated 
global 1.5 million species of fungi, less than 5% have been described. Fun¬ 
gal classification is also in flux; for example, 10 years later, Hawksworth 
(2001) upheld his global estimate of 1.5 million species of fungi but clari¬ 
fied that the number of species now known is 74,000 to 120,000. Although 
his new estimate is somewhat greater than the original 5%, it remains a 
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small fraction of the total. Even this estimate is uncertain because no com¬ 
prehensive compilation of species is available. The advent of new molecu¬ 
lar approaches that better define taxonomic relations between species has 
drastically altered our understanding of the major relations of fungal 
phyla and classes (Blackwell and Spatafora 2004; Wayne and Morin 2004). 

Even with species that have been described, many can be extremely dif¬ 
ficult to identify, and identification keys are often inadequate or nonexist¬ 
ent. In the Pacific Northwest with its rich array of forest macrofungi 
(mushrooms, truffles, cup fungi, and their allies), there is a dearth of com¬ 
prehensive regional keys to species identification. General mycological 
guides (e.g., Arora 1986) are often the only books available with keys to 
start the identification process. Likewise, identifying many arthropods 
often relies on sending voucher specimens to those few overburdened 
entomologists and experts who specialize in particular genera or families; 
a few examples are the species-rich taxa of staphylinid beetles, micryphan- 
tid microspiders, and soil mites and nematodes. There are generally no 
comprehensive identification keys or "field guides" to help identification 
of most terrestrial invertebrate species the way there are for plants, birds 
and other vertebrate groups. 

Well-trained taxonomists are vital to basic understanding of biodiver¬ 
sity (Chambers and Bayless 1983; Huber and Langor 2004), but the cur¬ 
rent decline in the cadre of taxonomic specialists who do fundamental tax¬ 
onomic research compounds the challenge of describing the vast numbers 
of unnamed species and developing identification keys (Molina et al. 
2001). In this regard, the development of sophisticated molecular-DNA 
tools to identify and differentiate species has been a two-edged sword. 
Although this new science has vastly improved our ability to detect recal¬ 
citrant taxa (e.g., of soil microorganisms), the attractiveness of this explod¬ 
ing research field has enticed young scientists away from traditional taxo¬ 
nomic fields. In the United States, the National Science Foundation (NSF) 
has recognized this issue and enhanced funding of its systematics program: 

The National Science Foundation (NSF), in partnership with aca¬ 
demic institutions, botanical gardens, freshwater and marine insti¬ 
tutes, and natural history museums, seeks to enhance and stimulate 
taxonomic research and help prepare future generations of experts. 

NSF announces a special competition, Partnerships for Enhancing 
Expertise in Taxonomy (PEET), to support competitively reviewed 
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research projects that target groups of poorly known organisms. This 
effort is designed to encourage the training of new generations of tax¬ 
onomists and to translate current expertise into electronic databases 
and other formats with broad accessibility to the scientific commu¬ 
nity (http://web.nhm.ku.edu/peet). 

Efforts such as the PEET program, if sustained as part of science endeav¬ 
ors, will help to close the taxonomic information gap on little-known 
species. 


Distributional Uncertainty 

Basic inventory of species presence, abundance, and distribution is neces¬ 
sary for understanding species status and for monitoring trends. Lack of 
basic inventory data is at the root of the little-known status for various 
reasons. Taxonomic groups such as fungi, arthropods, or mollusks may 
simply not be included in inventory programs because they are seen as low 
priority compared to more "charismatic" flora and fauna. Their low-prior¬ 
ity status reflects biases in scientific study, conservation, and social inter¬ 
ests, and to some extent, the expertise of available biologists and taxono¬ 
mists. Some taxa, such as spiders, have simply not been included in surveys 
and inventories, so that basic information on occurrence and distribution 
is lacking and thus the taxa are excluded from conservation planning 
(Skerl 1999). More typically, inventory programs find the idea of includ¬ 
ing such difficult and diverse taxa daunting, and they lack resources and 
administrative support to tackle the problem. 

Issues of high diversity and distributional uncertainty are complicated 
by the simple dearth of knowledgeable biologists who can effectively deal 
with species such as fungi, mollusks, and arthropods in inventory pro¬ 
grams. Most field botanists and wildlife biologists have been trained in 
vascular plant and animal species and generally have less knowledge to 
deal with these other taxa. A lack of familiarity with the ecological roles of 
little-known taxa makes it difficult to draw on available management tools 
to conduct specific surveys and studies contributing to species conserva¬ 
tion. It is simpler to manage diverse macrovegetation conditions as a basis 
for habitat of bird or fish populations than to manage dispersed microscale 
habitats and substrates required by many little-known species. Elowever, 
these species have been receiving increasing attention. For example, Dunn 
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(2005) emphasized the need to include insects in biodiversity conservation 
planning and assessments of recent species extinctions. 

Use of population attributes to characterize viability and persistence of 
many groups of little-known taxa may not yet be practical given the cur¬ 
rent state of knowledge and slow pace of basic research progress on these 
taxa. But biologists and resource managers should not be completely dis¬ 
couraged from this general lack of inventory information because some 
progress is being made for these difficult taxa. Examples of such progress 
follow. 

Attempts to conduct all-taxa biodiversity inventories exemplify the 
ability of professional societies to coordinate efforts in specific locations 
such as the Great Smoky Mountains National Park. As of 2006, the pro¬ 
gram had identified 625 new species and recorded 4666 species previously 
unknown from the park (http://www.dlia.org/atbi/index.shtml). Forest 
stand-level inventories and studies conducted at the H. J. Andrews Exper¬ 
imental Forest in the Oregon Cascades (a long-term ecological research 
site), have yielded comprehensive species lists and diversity, abundance, 
and importance data for fungi (Luoma et al. 1991; Smith et al. 2002) and 
arthropods (Parsons et al. 1991). Similar small-scale inventories including 
many little-known taxa have occurred elsewhere. Examples include sur¬ 
veys and inventories of amphibians in Great Smoky Mountains National 
Park (Dodd 2003); rare, threatened beetles in boreal forests (Martikainen 
and Kouki 2003); and mites in caves and deep soil (Ducarme et al. 2004). 
Although these examples are generally exceptions to most biodiversity 
inventory and survey projects, much could be learned from their success¬ 
ful methods to integrate into other biodiversity conservation inventory 
and monitoring programs. The all-taxa biotic inventory at the Great 
Smoky Mountains National Park, for example, conducts extensive out¬ 
reach to train and educate volunteers to help with field surveys and other 
aspects of the program. 

In another successful example, in the Pacific Northwest, the U.S. 
Department of Agriculture (USDA) Forest Service and U.S. Department of 
the Interior (USDI) Bureau of Land Management have developed survey 
protocols, field guides to species identification, and distribution maps, and 
have conducted surveys of 400 little-known species of lichens, bryophytes, 
fungi, mollusks, vascular plants, and amphibians, resulting in nearly 
60,000 records over a 10-year program from 1994 to 2004 (Marcot and 
Molina 2006; Molina et al. 2006). Training of field biologists and use of 
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parataxonomists (nonprofessionals, field-trained in species inventory and 
identification) as well as contracted taxonomy experts from academia were 
instrumental in the success of gathering useful and scientifically valid new 
information on abundance and distribution of these little-known species. 

The current electronic information age also allows for better use of 
information and distribution of expertise. For example, databases from 
major herbaria and museums are now coming online over the Internet so 
historical records on species locations can be searched and analyzed. Many 
professional societies that focus on major groups of little-known taxa have 
recognized the need to include their taxa in the growing international call 
for biodiversity conservation. For example, a cadre of mycologists has 
recently published the first comprehensive treatise on inventory and mon¬ 
itoring methods for fungi (Mueller et al. 2004). Many authors have pub¬ 
lished on efficient methods for sampling terrestrial invertebrates, such as 
the use of enclosures and pitfall traps (Moffatt et al. 2004; Borgelt and New 
2005; Hansen and New 2005). Such efforts bring scientific consistency to 
methodologies so that results can be compared among different regions. 
For example, the Natural Resources Monitoring Partnership (http://biol¬ 
ogy, usgs.gov/ status_trends/nrmp/MonitoringPartnership.htm) has pro¬ 
posals to publish an inventory of monitoring projects and a library of rec¬ 
ommended protocols covering major national and international status and 
trends programs. 

Web-based species identification systems are becoming more available, 
such as for ants (AntWeb; http://www.antweb.org/index.jsp), grasshoppers 
(Field Guide to Common Western Grasshoppers; http://www.sdvc.uwyo 
.edu/grasshopper/fieldgde.htm), and butterflies and moths (Butterflies 
and Moths of North America; http://www.butterfliesandmoths.org/). In 
many cases, these tools may be the best or only way that biologists can 
access keys, photo series, and other expertise to identify sample specimens 
of little-known species. 


Ecological Uncertainty 

Even if something is known about the taxonomy and distribution of little- 
known species, there is typically a lack of information on the ecology of the 
species, including habitat requirements, community dynamics, response to 
disturbance, key interactions with other species, or ecosystem functions. 


Chapter 4. Definitions and Attributes of Little-Known Species 


77 


This type of information is critical to evaluating the life histories and eco¬ 
logical functions of little-known species in a holistic ecosystem sense, and 
to designing management approaches that maintain or restore species per¬ 
sistence and function. 

The lack of general inventory data is exacerbated by the lack of infor¬ 
mation on population biology and natural history attributes needed to 
describe and forecast species presence, abundance, and population dynam¬ 
ics or trends. Knowledge of dispersal capabilities, either of individuals for 
mating events (animals) or of sexual or asexual propagules (plants and 
fungi), is usually lacking. Dispersal may be extremely slow and limited for 
many species (e.g., terrestrial mollusks). 

Specifically with fungi, spore production, dispersal, and reproduction 
events leading to new fungal individuals and populations are not well 
understood in terrestrial ecosystems. Most population work with fungi has 
focused on pathogens to explore concepts of epidemiology, and molecular 
techniques are only now being developed to discern fungal individuals and 
populations at landscape scales (Dunham et al. 2003, 2006; Kretzer et al. 
2003). Effects of natural and anthropogenic fragmentation of habitat, and 
the capability of species to disperse across unsuitable areas to maintain 
gene flow, remain largely unknown. Some fungal species depend on inver¬ 
tebrates or vertebrates for dispersal (e.g., Kotter and Farentinos 1984), fur¬ 
ther complicating analyses of fungus population distribution, abundance, 
and persistence. 

In addition to knowledge on site occurrence, range, and distribution of 
little-known species, information is needed on the microhabitat and local 
site conditions they require. Such information is critical to understanding 
how these species respond to disturbance, and thus how to ameliorate 
threats and stressors caused by alteration of their habitat. Developing reli¬ 
able habitat models of rare species is challenging, especially when species 
are little known and when their habitat consists of microscale features or 
very fine patch sizes typically not mappable across planning landscapes 
(e.g., using geographic information systems software). This is complicated 
by these species' usually sporadic and patchy distributions and dispersal 
limitations already noted. 

Many little-known species in Pacific Northwest forests, for example, 
closely associate with large, coarse, woody debris and unknown microscale 
soil attributes or substrates such as rocks, bark of specific tree species, and 
moss patches. Little of this is spatially mappable from remote sensing 
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information. Also, given dispersal limitations, patchy distribution of pop¬ 
ulations, and microscale habitat requirements, presence of habitat does 
not necessarily mean likely presence of predicted species. Understanding 
occupancy rates in seemingly optimal habitat is important for evaluating 
the utility of model- and habitat-based management approaches. Scaling- 
up from microscale habitat needs to the scale at which conservation or 
land-use planning occurs will remain a major challenge to predict species 
presence. We discuss the potential use of habitat modeling approaches in 
chapter 5. 

Most organisms have evolved adaptations to changes in their environ¬ 
ment over space and time. The science of disturbance ecology at the land¬ 
scape scale includes understanding patterns of biotic response to immedi¬ 
ate impacts of disturbance (natural and anthropogenic) and to long-term 
effects of land use and global climate change. However, the disturbance 
ecology of little-known species remains largely unexplored. This is per¬ 
haps one of the more critical and practical information needs as resource 
managers increasingly rely on re-creating natural disturbance regimes to 
sustain or restore healthy ecosystems. 


Determining Information Needs and Setting Priorities 

Addressing conservation concerns about little-known species requires 
gaining information on needs of the species and setting management pri¬ 
orities. For example, at a small site scale (a stand management unit), the 
most important information may simply be the presence or absence of the 
species of concern. This is often a criterion for sensitive and special status 
species programs of the Forest Service and Bureau of Land Management 
when planning management activities such as forest thinning projects. 
Identifying and inventorying microscale habitat features where the species 
is present may also be necessary so that habitat can be managed appropri¬ 
ately. At larger planning scales (e.g., watersheds to regions), information 
on distributions of species in reserves or concentrations of individuals may 
be most useful. Given often-limited resources, it is important to collect 
information at a scale appropriate to the specific needs of the plan area. For 
example, if information collection is too project-specific, the accuracy of 
syntheses or of running models at broad geographic scales can be lost. 
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Case Study: The Survey and Manage Program 
of the Northwest Forest Plan 

The Survey and Manage program of the Northwest Forest Plan provides 
an example of strategic, regionwide surveys for hundreds of little-known 
individual species and arthropod species groups that were thought to be 
rare and likely associated with late-successional or old-growth forests 
(Molina et al. 2003, 2006). We first provide background information on the 
overall program and then discuss how resource managers and scientists 
have worked together to prioritize information needs and gather new 
information to reduce uncertainty on these species. 

In 1994, the Bureau of Land Management and Forest Service adopted 
standards and guidelines for the management of habitat for late-succes- 
sional old-growth (LSOG) forest-related species within the range of the 
northern spotted owl (Strix occidentalis caurina) under the Northwest 
Forest Plan (NWFP; USDA and USDI 1994). The main conservation ele¬ 
ments of the NWFP are a system of reserves (with focus on maintenance 
and restoration of LSOG forests), an aquatic conservation strategy that 
protects streams and riparian areas, and various standards and guidelines 
pertaining to seven other land allocation categories, including "matrix" 
lands on which more intensive resource production and use may occur. The 
NWFP included mitigation to protect rare and often endemic species asso¬ 
ciated with LSOG forests. This mitigation is referred to as the Survey and 
Manage program. Over 400 species and four arthropod guilds, across eight 
major taxonomic groups, were listed for protection under this program. 
Initial risk analyses, which identified which species were to be addressed 
under the Survey and Manage program, were primarily based on expert 
opinion because so little quantitative information was available on abun¬ 
dance, distribution, population status, habitat associations, and degree of 
protection provided by reserve land allocations (Meslow et al. 1994; 
Raphael and Marcot 1994). 

The Survey and Manage standards and guidelines (USDA and USDI 
1994, 2001) described an adaptive management approach to conservation. 
Protection of sites where the organisms were known to exist was com¬ 
bined with regionwide surveys (as well as other information-gathering 
techniques such as herbarium searches and research) designed to provide 
new information that addressed uncertainties surrounding species viabil- 
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ity. As new data were acquired and analyzed, the status of each species 
within the Survey and Manage program was revisited in formal annual 
species reviews, and the species management guidelines were revisited 
and revised if appropriate. The annual species reviews resulted in category 
changes among Survey and Manage status rankings and sometimes even 
removal from the Survey and Manage list, demonstrating the dynamic 
structure of the conservation program and the successful application of 
the adaptive management approach. Molina et al. (2003) described the 
process of acquiring and using new information. Details of the mitigation 
measure are given in the two records of decision (USDA and USDI 1994, 
2001). Molina et al. (2006) provided an overview of how the Survey and 
Manage program evolved and the many implementation challenges 
encountered. 

At the initiation of the Survey and Manage program, important life his¬ 
tory information was lacking on nearly all of the Survey and Manage- 
listed species. For example, distribution data were not available on most 
species, and many species were known from only a few historic sites. Vir¬ 
tually no population-level data or habitat requirements were known, thus 
precluding use of population viability analysis or habitat modeling. In fact, 
natural histories of most species were so poorly understood that it was dif¬ 
ficult to document biological threats (e.g., from limited dispersal, limited 
habitat availability, and habitat fragmentation) or management threats 
(e.g., from timber harvest and prescribed fire). Because of this lack of 
knowledge and high degree of uncertainty as well as the lengthy startup 
time to organize the program of work, the agencies allowed for at least 10 
years of regionwide surveys. This allowed time to better assess persistence 
concerns and develop species-specific management. 

Two fundamental goals of the Survey and Manage program drove the 
information needs assessment for the plan area: (1) to provide for the per¬ 
sistence of well-distributed populations, and (2) to maximize the role of 
the reserve lands to meet persistence requirements (e.g., provide habitat 
and connectivity). The first step in identifying information needs was to 
collect all available information from herbaria and museum records, 
agency field records, expert opinion, and the scientific literature, and then 
to synthesize this information for resource managers and biologists. This 
initial process indicated where significant knowledge gaps occurred. The 
next stage involved developing key questions and identifying the types of 
information needed to answer those questions. For example, what is the 
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species distribution in reserve lands? and does the species require specific 
microhabitat such as large woody debris? Surveys would then be con¬ 
ducted in reserves, and the amount of woody debris would be measured in 
locations where target species are found. 

Molina et al. (2003) described the types of information needs for the 
strategic survey effort of the Survey and Manage program (box 4.1). 
Information needs were organized into general categories of rarity, habi- 


Box 4.1. Categories and specific information needs for survey 
and manage species (Molina et al. 2003). 

Rarity 

• Number of current and historic known sites 

• Relative abundance at historic and known sites 

• Size, area, diversity, and extent of inhabited sites on the 
landscape 

Habitat 

• Known or suspected habitat requirements 

• Description of potential suitable habitat at both the micro- and 
macroscale 

• Ecological amplitude 

Distribution 

• Historical and current distribution of known sites 

• Historical and current distribution of potential suitable habitat 

• Portion of suitable habitat that is occupied 

• Distribution of known sites in reserve land designations 

Persistence concerns 

• Population trends and status of isolated populations 

• Life history traits that might create additional risk 

• Dispersal capacity and requirements 

• Fragmentation of suitable habitat in relation to historical 
connectivity 

• Successional trends of potential and suitable habitat 

• Threats to occupied areas (both natural and anthropogenic) 

Management consideration 

• Quality of sites in reserve land designations 

• Response to disturbance, natural and anthropogenic 

• Connectivity of occupied sites needed to maintain stable 
populations 

• Active and passive management needed to maintain or restore 
suitable habitat at known or potential sites (habitat quality at 
known sites) 
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tat, distribution, persistence concerns, and management considerations. 
Those items listed under rarity, habitat, distribution, and persistence con¬ 
cerns reflected many important information gaps critical to understanding 
the status and guiding conservation of individual species. Those items 
listed under management considerations reflect information needed to 
address key management objectives. For example, information on species 
response to disturbance was needed to help resource managers develop site 
management plans that included activities such as forest stand thinning, 
prescribed burning, or road building. Some management considerations 
have higher priority than others and thereby guide decisions on what 
information is most critically needed and will be gathered. Decisions typi¬ 
cally blend information needed to address both species and management 
priorities. 

Once operational decisions were made, surveys were strategically 
planned and implemented to collect the information. For example, the Sur¬ 
vey and Manage program conducted surveys at known sites to collect cru¬ 
cial habitat information and regionwide, random-grid surveys to gain 
information on rarity and general distribution trends in reserve lands. 
These strategic surveys used an adaptive process wherein the survey 
methods and results obtained were periodically analyzed for efficiencies 
and effectiveness in gaining the needed information. New survey data 
were analyzed in an annual species review process, and changes to species 
management were made as appropriate. The species list and survey proto¬ 
cols were adjusted as needed. At the completion of this review, a new cycle 
of information prioritization, survey planning and implementation, and 
data analysis was undertaken. All planning was documented in an annual 
implementation guide. This adaptive management approach allowed the 
Survey and Manage program to make steady progress in meeting the 
objectives for this unprecedented conservation program for little-known 
species (see Molina et al. 2003 for more details on this planning process). 

Even with a well-conceived process for acquiring new information on 
little-known species, the Survey and Manage program ran into many 
implementation challenges that revolved around many of the issues raised 
at the beginning of this chapter. These included difficulties in detecting 
species and determining their actual rarity; the complexity of defining 
species persistence and evaluating how well the plan's systems of reserves 
protected individual species; the task of training and maintaining a cadre of 
taxonomy specialists to identify species and provide expert interpretation 
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of survey results; and the impracticality of targeting 400 little-known 
species over the 9.7 million ha plan area. Chapter 11 provides an overview 
of implementation challenges of conserving rare or little-known species 
with further examples from the Survey and Manage program. 


Conducting Threat Assessments 
for Conservation Planning 

As noted earlier, resource managers are often most concerned about the 
effects of various management practices on species of concern, and they 
desire information to help ameliorate threats to species. Part of increasing 
our knowledge about the response of little-known species to anthropogenic 
disturbances may entail first conducting basic threat assessments. A threat 
assessment determines what those threats are as well as the likelihood of a 
decline or loss of small populations in the face of human activities. A threat 
assessment would determine whether it is reasonable to craft management 
or monitoring actions for conserving little-known species. Further, it would 
determine the degree to which changes in management actions would be 
expected to solve problems; that is, the degree to which resource managers 
can have an impact on those threats (Morrison et al. 1998). 

Results of such a threat assessment would classify species into cate¬ 
gories, such as: (1) species for which current scientific knowledge and 
expert understanding are so poor that both threats and the potential 
impacts of management activities are very uncertain, and (2) species 
threatened by human activities for which reasonable (and testable) 
hypotheses can be devised concerning the role of these threats. The latter 
category can be further divided into species for which changes in specific 
land management activities can be expected to help reduce threats, and 
those that would not be so helped. For example, adverse effects on little- 
known terrestrial forest species from activities that compact soil could be 
mitigated by using different machinery such as rubber-tired tree loaders or 
by conducting these activities during other seasons such as when soil is 
frozen. Species that are influenced by human actions but that would not be 
aided by changing local resource management activities may include 
species generally sensitive to air pollution, such as some pendant arboreal 
lichens that are sensitive to sulfur oxide and nitrogen oxide in the atmos¬ 
phere. By conducting threat assessments, the resource manager could 
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describe realistic expectations for how and whether changing management 
activities wordd help the species. 

In summary, given the high diversity and lack of essential distributional 
and ecological knowledge on many little-known species or taxonomic 
groups, it is important to set priorities for information needs to meet spe¬ 
cific objectives. Otherwise, a program that includes many little-known 
species can become unwieldy and ineffective and may lose support. For 
example, in the Survey and Manage program discussed previously, prior to 
strategically focusing surveys in reserves to examine species persistence, 
most surveys were conducted in matrix lands before conducting ground- 
disturbing activities. Consequently, many sites of listed species were found 
in matrix lands, and resource managers often chose to forgo management 
activities such as timber harvest to avoid risking harm to the species. These 
decisions impacted the ability of the agencies to meet other management 
goals of the Northwest Forest Plan (e.g., timber harvest). Eventually these 
management frustrations and litigation from the timber industry led to 
the abandonment of the Survey and Manage program (USDA and USDI 
2004). 

Ecological and Social Implications 
of Little-Known Species 

Interest in conservation of little-known species may be more than merely 
esoteric or academic. Many little-known species perform crucial ecosystem 
functions, including cycling nutrients, fixing nitrogen, aggregating soil, 
improving soil structure, and acting as links in the food web (see figs. 4.3, 
4.4). Indeed, this is perhaps the most important factor in considering the 
protection and conservation of the functional diversity within these taxa 
for meeting broad goals of ecosystem management. For example, some 
rare plants rely on obligate pollinators (Spira 2001) that, in turn, may be 
poorly known and in decline (Cane and Tepedino 2001). Other rare plants 
can help stave off invasion of exotic species (Lyons and Schwartz 2001). 
Many little-known soil invertebrates play major roles as litter decom¬ 
posers, and their functional redundancy may help maintain soil productiv¬ 
ity (Andren et al. 1995). Ostfeld and LoGiudice (2003) reported that loss of 
rare as well as common species led to increased incidence of Lyme disease 
in their modeled ecosystem. 
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Many little-known taxa enter into symbioses with other plants and 
animals and thus influence community and ecosystem dynamics. Many 
soil fungi, for example, form mutualistic symbioses with plant roots 
termed mycorrhizae. Mycorrhizal fungi—many species of which are 
poorly known in terms of specific autecology, distribution, or even taxon¬ 
omy—strongly depend on host photosynthate as their primary energy 
source; in return, the plants receive much of their nutrient uptake (as well 
as other benefits) via their mycorrhizal fungi. Mycorrhizal fungi and 
plants exhibit varying degrees of host-fungus specificity in their natural 
associations (Molina et al. 1992), but, from a functional perspective, are 
obligate symbionts. 

In another example of symbiosis, many arthropods tightly couple 
with other organisms (e.g., obligate pollination and dispersal relation¬ 
ships) in functional interdependencies (Buchmann and Nabhan 1996; 
Shepherd et al. 2003). Some rare species may be useful in bioassessments 
and may serve as indicators of ecosystem health (Cao et al. 2001; Welsh 
and Droege 2001). Conservation of these species necessitates an under¬ 
standing of their interactions with other biota so that these relationships 
and key ecological functions can also be conserved. Although much 
might be known in general about these common symbioses and species 
interactions, they are poorly understood at the species level within spe¬ 
cific ecosystems. 

Much research remains to be done to determine the specific ecological 
functions of little-known species, but examples suggest that retaining lit¬ 
tle-known species may help maintain ecosystem services, biodiversity, and 
the full range of system functions. Little-known species can also play key 
social and cultural roles as well. In fact, many little-known species provide 
vital services to people. Many native peoples throughout tropical areas use 
invertebrates, for example, as a source of food and protein, and many 
native plants for medicines. Other little-known species may play key roles 
in various cultural rites, religions, and rituals and could be considered in 
habitat management (Bengston 2004). Yet many of these species are 
poorly studied or are scientifically unknown (Phillips et al. 1994). 
Recently, concern has been raised about adverse effects of environmental 
degradation on conservation of both well-known and little-known medic¬ 
inal plants (Shanley and Luz 2003). In some cases, entire "ethnobiomed- 
ical" forest reserves have been delineated in tropical ecosystems to protect 
these little-known species (Balick et al. 1994). 
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Conclusion 

This chapter reviewed causes and characteristics of little-known species, 
their ecological and cultural roles, and implications for management. 
Species can be little known for a number of reasons, each reason implying 
very different solutions. Some solutions could include further taxonomic 
research to describe the species systematically, field inventories to deter¬ 
mine presence and distribution, or ecological studies to understand habitat 
associations, life history, and environmental correlates and stressors. 

If the resource manager is interested in conservation of little-known 
species, the first step could be to take stock, produce a list, and compile 
whatever information is available in literature and from experts, on species 
names, taxonomy, distribution, abundance, and autecology. In such a list, 
the resource manager can begin to identify which species may be associ¬ 
ated with particular environments of conservation concern, such as old- 
growth forests or native grasslands, and also which areas of knowledge are 
most lacking for each species. Also important may be to determine if 
species are rare and what might cause rarity (see chaps. 3 and 5). 

Further, the resource manager could consider some little-known species 
as part of species groups such as habitat groups and ecological functional 
guilds (see chap. 6). For example, many aquatic macroinvertebrates could 
be combined into functional sets of shredders, predators, and decomposers, 
and terrestrial lichens can be grouped by growth form (crustose, foliose, 
fruticose) and substrate association (rock, tree bark, mineral soil, etc.). 
Some researchers and resource managers have used functional groups to 
include little-known species with others. Such approaches have commonly 
been used with vascular plants (Smith et al. 1993; Korner 1994), such as 
using functional plant groups of invasive species (Ramovs and Roberts 
2005). By grouping species, management activities could focus on the habi¬ 
tats, substrates, and other attributes of species groups as an initial "coarse 
filter" step toward conservation strategies. 

Still, by definition of little-known species, much will remain unknown 
and may require further study or testing of effects of management activi¬ 
ties. What can the resource manager do in the face of such uncertainties? 
The most obvious, and possibly least tenable, solution is to cease all 
adverse, anthropogenic, environment-disturbing activities until further 
data can be gathered. This has the greatest chance for ensuring successful 
conservation of little-known species (presuming the species is not actually 
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dependent upon anthropogenic disturbances), but this is seldom feasible or 
socially desirable. Such was the case with Survey and Manage species 
under the Northwest Forest Plan cited earlier; timber harvest and other 
forest management activities needed to proceed in light of a dearth of 
information on many species. 

Short of conducting rigorous inventories and studies, the resource man¬ 
ager could conduct a more immediate threat assessment on individual 
species or on a species group. This could help identify key stressors or 
threats to conservation of the species, or at least key areas of uncertainty 
and scientific unknowns. The resource manager would then be faced with 
decision making under such uncertainty and choosing a risk attitude 
(whether one is risk averse, risk neutral, or risk seeking) toward potential 
effects on the species of interest from environment-disturbing activities. 
At this point, the resource manager could use well-established methods of 
decision analysis and risk management to document knowns and 
unknowns and their decision criteria and procedures (see chaps. 6 and 7). 

The Survey and Manage program discussed earlier used an involved 
process of identifying little-known species based on syntheses of ecologi¬ 
cal knowledge, and then rated each species, through panels of biologists 
and resource managers, to determine their appropriate conservation cate¬ 
gory. Conservation categories reflected degree of rarity, levels of persist¬ 
ence concern, and required survey activities. The program also conducted a 
thorough information needs analysis for each species (i.e., what critical 
information was needed to improve managerial success for maintaining 
the species in the plan area). Following the process to prioritize species and 
management needs noted previously (see box 4.1), the program strategi¬ 
cally designed surveys and research studies to gather essential informa¬ 
tion, at times using multiple-species approaches for efficiency. Two exam¬ 
ples include a regionwide, plot-based, random grid survey (see Molina et 
al. 2003, 2006 for details) to improve understanding of rarity and distribu¬ 
tion for over 200 species of little-known fungi, lichens, bryophytes, and 
mollusks, and field research on effects of prescribed fire and thinning on 
soil arthropod guilds and communities (Niwa and Peck 2002; Peck and 
Niwa 2005). 

Another approach that could be used in tandem with threat assessments 
and risk management is to use better-known surrogates for species conser¬ 
vation. Such surrogates could include macrovegetation conditions at a 
broad scale and presence of other indicator species or their environmental 
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conditions. However, as is explored in chapter 6, use of surrogates or indi¬ 
cators typically carries high uncertainty as to how effectively they con¬ 
serve specific little-known species. 

For invertebrates, another approach is use of morphospecies groups as 
units for conservation (Krell 2004). Morphospecies are groups of organ¬ 
isms (and species) that have similar appearances (morphologies) and that 
occur in the same location, vegetation condition, or substrate type; each 
morphospecies generally represents multiple taxonomic species. An exam¬ 
ple is the set of all large, black, terrestrial ants associated with decaying 
wood on the forest floor. A parataxonomist—typically a biologist with 
basic training in identifying characteristics of organisms—sorts specimens 
according to their common features. This approach can be useful when 
expertise or base scientific information is lacking to identify each taxon to 
the species level. For example, Barratt et al. (2003) successfully used stu¬ 
dent researchers to separate coleopteran beetles into morphospecies groups 
in New Zealand. The students were able to identify a total number of mor¬ 
phospecies within about 10% of the actual number as identified by a tax¬ 
onomic expert. In another example, Longino and Colwell (1997) success¬ 
fully used parataxonomists to identify and prepare specimens of ant 
morphospecies in a Costa Rican rainforest. Derraik et al. (2002) found that 
parataxonomists varied in their accuracy in identifying arthropod mor¬ 
phospecies groups, but initial training by expert taxonomists would likely 
improve results. Of course, the morphospecies approach cannot replace 
basic work in taxonomy, but it can be helpful to locate little-known and 
even undescribed organisms and to estimate overall species richness. 

Other species and systems approaches to conservation of little-known 
species are discussed and critiqued in chapter 6. In the end, however, no 
model, indicator, surrogate, or grouping approach can fully substitute for 
knowledge gained on little-known species from basic field biology and 
autecology. 
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Special Considerations for 
the Science, Conservation, 
and Management of Rare 
or Little-Known Species 

Bruce G. Marcot and Randy Molina 


Rare or little-known (RLK) species pose special problems to 
conservation management. It is difficult to detect and study rare species, 
and they do not lend themselves to experimentation (see chap. 2). Like¬ 
wise, locations, numbers, and responses of species that are little known are 
difficult to impossible to predict (see chap. 4). This chapter addresses spe¬ 
cial considerations for the science, conservation, and management of RLK 
species, and also the further joint problem of species that may be both rare 
and little known, which constitutes the conditions of many inconspicuous 
taxa that contribute to the bulk of biological diversity. 

Recall the Venn diagram in figure 1.1 (chap. 1) which depicts the over¬ 
lap of the sets of species that are rare and those that are little known. We 
can expand on this overlap by suggesting three categories of each condi¬ 
tion, as shown in table 5.1. Rare species (chap. 3) are those that (1) are 
scarce everywhere and have low density throughout their distributional 
range, even if total numbers are high; (2) have a small total population, 
which means that total global numbers are low, whether locally scarce or 
locally common; or (3) are genetically or behaviorally distinctive, includ¬ 
ing those that occur locally as a peripheral population, which means they 
occur on the edge of their overall distributional range, where local periph¬ 
eral number or density is low even if the total population elsewhere is not 
(fig. 5.1). Little-known species are those for which we have (1) an incom¬ 
plete taxonomic description, so that there is uncertainty over their taxo- 
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Table 5.1. Categories and examples of rare and little-known species 


Category of Rare 




Scarce 

everywhere 

Small total 
population 

Distinctive or 

peripheral 

population 


Incomplete 

Speckled chub. 

Brown kiwi, 

White salmon 


taxonomic 

description 

Macrhybopsis 
aestivalis species 
complex 

Apteryx australis 

pocket gopher, 
Thomomys 
talpoides 
limosus 

Category 

Limited species 

Sharp-tailed 

Fuertes's parrot, 

Bonobo, Pan 

of 

inventory 

snake, Contia 

Hapalopsittaca 

paniscus, near 

Little- 

Known 


tenuis 

fuertesi 

Lac Tumba, 
western DR 
Congo 


Poor ecological 

Club mushroom, 

Chevron skink, 

Dalles side- 


understanding 

Podostroma 

alutaceum 

Oligosoma 

homalonotum 

band snail, 
Monadenia 
fidelis minor 



Figure 5.1. Three kinds of species rarity: (a) scarce everywhere, with low density 
throughout the range; (b) small total population, whether locally scarce or locally 
common; and (c) genetically or behaviorally distinctive, including peripheral pop¬ 
ulations on the edge of their distribution range (dotted line). X = occurrence of the 
species. 


nomic status; (2) a limited species inventory, so that we have poor under¬ 
standing of their basic occurrence and distribution; or (3) a poor ecological 
understanding, so that we do not know what environmental factors deter¬ 
mine their occurrence or distribution. 

Some examples illustrate the problems of species that are rare or little 
known in these various ways (see table 5.1). Among species that are prob¬ 
ably scarce everywhere, one species for which we have incomplete taxo- 
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nomic description is the rare fish speckled chub ( Macrhybopsis aestivalis). 
This fish was previously considered a wide-ranging, polytypic species with 
six subspecies, but genetic and morphometric work has suggested that it 
may contain at least 10 distinct species, some of which are likely imperiled 
(Butler and Mayden 2003; Warren et al. 2000). In such cases, the distinct 
species may warrant separate attention and further inventory to determine 
their abundance and distribution. 

Sharp-tailed snake (Contia tenuis), a small colubrid of western North 
America with limited inventory data (e.g., Leonard and Leonard 1998), has 
been considered scarce everywhere (but see further discussion later in 
chapter). Although it is well established taxonomically, its known habit of 
residing in well decayed downed logs makes it somewhat secretive and dif¬ 
ficult to find, and thus it is difficult to determine its true abundance and 
population trend. 

Podostroma alutaceum, a club mushroom, is likely scarce everywhere 
and is a species for which we have poor ecological understanding. This fun¬ 
gus is widely distributed in coastal and Cascade Range forests from north¬ 
ern Washington south to the San Francisco Bay area but is nearly always 
solitary in occurrence. Lack of understanding of its ecology means that it 
cannot be reliably predicted from habitat maps and environmental data. 

Continuing with examples, among species with a total small population, 
one species for which we have an incomplete taxonomic understanding is 
a New Zealand endemic bird, the brown kiwi ( Apteryx australis). 
Although three subspecies of brown kiwi are currently recognized (A a. 
mantelli on North Island, A. a. australis on South Island, and A. a. lawryi 
on Stewart Island), recent genetic work suggests that the species should be 
split into two distinct species, the brown kiwi with distinct varieties occur¬ 
ring on North Island and near Okarito on South Island, and the tokoeka 
with distinct varieties near Haast and in Fiordland on South Island and on 
Stewart Island. The splitting of these species means that the total popula¬ 
tion of each is smaller than previously thought, which may mean that each 
has lower probabilities of persistence throughout a smaller range. Smaller 
populations also mean potentially greater harm to donor populations 
should removal be done for transplantation or captive breeding. 

An example of a species with total small population and adequate taxo¬ 
nomic description but with limited inventory is Fuertes's parrot ( Hapalop - 
sittaca fuertesi), which, in 2002, was rediscovered after 90 years in the 
high Andes Mountains of Colombia. The parrot is known to associate with 
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tall mature trees and to feed on berries in epiphyte-laden canopy branches, 
but surveys are needed to determine if and where more than just the small 
isolated population still exists. If removal of any of the parrots for captive 
breeding is to be done, lack of inventory data means great uncertainty as 
to the degree of potential adverse impact on the donor population. In a 
similar case, such inventories were also needed, and conducted, on the 
endangered Puerto Rican parrot before some individuals were removed for 
captive breeding (Vilella and Garcia 1995). However, in this case, dividing 
an already tiny wild population may lead to future problems of genetic 
bottlenecks and loss of genetic diversity (Wilson et al. 1994). 

An example of a species with a small overall population for which we 
have poor ecological understanding is the chevron skink (Oligosoma 
homalonotum), listed by the government of New Zealand as a vulnerable 
species. Lost for more than 60 years, the chevron skink was first described 
in 1906, reported again in the 1970s, and rediscovered as a single subadult 
in 1991 on Little Barrier Island. Less than 250 sightings are known since 
1906. It also currently occurs on Great Barrier Island but the apparent 60- 
year hiatus there was likely due to misidentification in museum records. 
Although locations and taxonomy are known, and a habitat study was con¬ 
ducted on the species during 1997-2002, little is known of its specific ecol¬ 
ogy. It was found to inhabit streamsides and damp places, and is likely vul¬ 
nerable to predation by introduced Norway rats, but its specific habitat 
requirements are still very poorly known because the lizard is secretive 
and cryptic. Behavioral studies of a small captive population are ongoing. 

Among species with a peripheral population, one taxon for which we 
have an incomplete taxonomic understanding is the white salmon pocket 
gopher (also called Columbia River pocket gopher; Thomomys talpoides 
limosus), a rare and locally endemic subspecies of the northern pocket 
gopher that occurs on the edge of its parent species range in southern 
Washington. According to the International Union for Conservation of 
Natural Resources (IUCN 2006), the taxonomy of Thomomys talpoides is 
still uncertain and may consist of several sibling species in the U.S. Pacific 
Northwest, possibly including the white salmon pocket gopher. The man¬ 
agement implication is that, if these incipient sibling species are indeed ele¬ 
vated to species status, there may be conservation interests (or mandates) 
for some or each of them individually, including the white salmon pocket 
gopher. 

An example of a species occurring as a rare peripheral population for 
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which we have limited inventory is the bonobo or pygmy chimpanzee 
(.Pan paniscus) near Lake Tumba in the western Democratic Republic of 
Congo. Bonobos have only recently been discovered in the old swamp 
forests of this area, are low in numbers and density there, and are clearly 
on the edge of their range. Inventories are being conducted under Bonobo 
Conservation International, but their local distribution, numbers, and pop¬ 
ulation structure are still incompletely known. Discovery of local bonobo 
troops could mean changes in local forest use practices, such as potential 
designation of wildlife refuges or development of ecotourism centers from 
which to visit and view the animals. 

And finally, a taxon that occurs as a peripheral population for which we 
have poor ecological understanding is the locally endemic Dalles sideband 
snail (Monadenia fidelis minor), a terrestrial mollusk found on the east 
side of Mount Hood in the Cascade Mountains and up the Columbia 
River Gorge east of the Cascade Mountains crest of northern Oregon. Its 
parent species is broadly distributed from Canada to California, but the 
specific ecology of this subspecies is poorly known. Some species, partic¬ 
ularly more sessile ones such as mollusks, tend to develop unique habitat 
and environmental associations on their range peripheries; in some cases 
this may lead to speciation. Thus understanding the ecology of this 
species at its peripheral locations and comparing that to elsewhere in its 
range may be useful for determining whether more locally stringent or 
different sets of management guidelines might be needed for its overall 
conservation. 

These examples of RLK species illustrate a wide array of conditions, 
taxa, and challenges for research and conservation. However, some of the 
attributes they do share include their inconspicuous nature and uncertain 
taxonomy or ecology, and their scarcity in part or all of their range. We 
next consider some of the conservation implications of being rare and lit¬ 
tle known. 


Conservation Considerations 

Several issues rise when considering conservation of RLK species: issues of 
scientific value and classification of such species, identification of species 
and taxa for conservation management, and setting conservation goals and 
objectives. 
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Science Issues 

A scientific approach to identifying and conserving RLK species could first 
use the categories within "rare" and "little known" already discussed (see 
table 5.1). This would help set the stage for identifying what kind of fur¬ 
ther information (taxonomic, inventory, or ecological) is most critical, and 
how conditions contributing to rarity would guide conservation. 

Further science issues of RLK species pertain to evaluating their persist¬ 
ence and their ecology. Persistence of species that are well known demo- 
graphically or genetically can be modeled and assessed using popidation 
viability analysis (PVA). PVA consists of estimating persistence probabili¬ 
ties (or time to extinction), using quantitative calculations and models of 
effective population size, influence of genetic bottlenecks, and rate of 
change in population size. However, with species that are little known, a 
PVA approach woidd be fraught with uncertainty, so, at best, a more qual¬ 
itative popidation viability evaluation (PVE) may be more in order. A PVE 
may consist of qualitative or categorical ranking of potential threats and 
the level of vulnerability of a species to environmental conditions and 
human activities, and not depend on genetic or demographic data on the 
population. PVEs have been conducted using expert panels and used to 
evaluate effects of alternative land management scenarios on many species 
for which demographic and genetic data are lacking (e.g., Raphael et al. 
2001 ). 

Many RLK species may play important ecological roles in their ecosys¬ 
tems (see chap. 4). To the extent possible, the species could be treated in 
functional groups (see chap. 7) such as soil arthropod decomposers, or in 
substrate groups such as fungi associated with decaying wood, even if 
knowledge of individual species is poor. Other species and system-level 
approaches to representing or indicating RLK species are discussed in 
chapters 6 and 7. Other science issues of RLK species also pertain to prob¬ 
lems of sampling, detectability, and modeling, and depicting and dealing 
with uncertainty in management (see chap. 12). 


Identifying Taxa for Conservation Management 

Selecting taxa on which to focus conservation management activities is 
fundamental to developing and implementing an overall species conserva- 
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tion program. Species conservation has traditionally focused on a limited 
number of often well-studied vertebrates, plants, and showy arthropods 
(e.g., butterflies). Many of these species are referred to as charismatic, 
reflecting a societal and science bias toward certain taxa (Cassidy and Grue 
2001). RLK species can also include a diverse assemblage of taxa less famil¬ 
iar and less charismatic to society and conservation science in general. 
Limitations of the charismatic species approach to RLK species conserva¬ 
tion are discussed further in chapter 6. 


Conservation Goals and Objectives 

Chapter 2 outlined some goals and objectives typical of conservation plan¬ 
ning. Careful consideration and clear statements of goals and objectives are 
critical because they will determine how and what information is collected, 
analyzed, and used in decision making. 

As noted in previous sections, the initial choice of species and the crite¬ 
ria used to designate them are important scientific and programmatic con¬ 
siderations for setting goals and objectives. Once species are designated, 
selecting the science-based metrics to gauge species viability and popula¬ 
tion persistence also becomes a critical consideration for setting conserva¬ 
tion objectives. Maintaining "viability" typically relies on use of popula¬ 
tion viability metrics (viz., population demographic and genetic data) as 
used in classic population viability analyses (Shaffer 1990). Given the 
potential number of RLK species, the difficulties of obtaining such infor¬ 
mation, and ultimately the expense of such an undertaking, it may not be 
realistic to use such viability metrics. 

For example, to protect rare, late-seral forest species on federal public 
lands in the Pacific Northwest, the Northwest Forest Plan (as described in 
the FEMAT [1993] analysis) set and evaluated viability objectives within a 
context of species distribution in reserve and matrix land allocations, and 
effects of other management guidelines. Initial viability assessments cen¬ 
tered on "understanding how provision of habitat on federal lands under 
each [management] option could contribute to population persistence and 
distribution over a century" (FEMAT 1993, 11-99). Provision of habitat 
included the amount, quantity, and distribution of habitat. Meeting this 
objective required combining guidelines for conservation of individual tar¬ 
get species with guidelines for geographically based conservation (viz., 
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reserved areas) as later implemented in the Survey and Manage program 
under the Northwest Forest Plan of the Pacific Northwest as discussed in 
chapter 4. 

The geographic scale at which conservation planning decisions are made 
also has a major effect on meeting goals and objectives for conserving RLK 
species (Kintsch and Urban 2002; Schwartz 1999). Monitoring and main¬ 
taining the persistence of RLK species at a local (e.g., federal Forest Service 
district, approximately 100,000 to 200,000 acres) planning level (as in 
many Forest Service and Bureau of Land Management [BLM] sensitive 
species programs) differs from maintaining persistence at a large regional 
scale that might include many local planning units. At the local scale, there 
is more intimate knowledge that contributes to regional planning, but local 
resource specialists can have a hard time seeing how they fit into the big 
picture. That is, resource specialists are most familiar with the planned use 
of their managed land base, as well as species distribution and location of 
specific habitat types therein; given that familiarity, conservation strate¬ 
gies can be integrated with local management plans. When regional-scale 
conservation objectives are chosen, a high degree of regional planning and 
oversight is needed to both collect needed information and develop man¬ 
agement plans that can cross multiownership boundaries. Communicating 
results and decisions of a regional plan to field units or different landown¬ 
ers and coordinating and monitoring the conservation program becomes a 
complex task that requires strong interagency or multiowner cooperation. 

For example, conducting surveys to determine distribution, abundance, 
and vegetation associations of RLK species across a broad regional area 
may entail establishing a stratified random or multistage sampling design 
(Cutler et al. 2001; Philippi et al. 2001), such that the aggregate of local 
samples provides a desired level of confidence or power in determining 
presence and association with specific vegetation conditions at the wider 
scale of an ecoprovince. Individual administrative units, such as manage¬ 
ment districts of national forests, may play critical roles in gathering such 
information even though the statistical inference is to be made to an area 
broader than their individual administrative boundaries. It is critical that 
participants understand the broader-scale context and value of such efforts 
that may, otherwise, seem expensive and pointless at the scale of an indi¬ 
vidual resource management project or field administrative unit. It is sta¬ 
tistically inappropriate to draw inferences to finer scales from coarse-scale 
data (Plotkin and Muller-Landau 2002). There may also be opportunities 
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to establish multiscale sampling designs and modeling schemes that pro¬ 
vide estimates of species distribution and abundance at given confidence 
levels and at two or more geographic scales or levels of spatial resolution 
(Borcard et al. 2004). 

In fact, determining the appropriate scale for setting conservation goals 
and objectives; for designing inventories, surveys, and studies; and for 
developing and applying species-habitat relationships models of rare and 
little-known species can be a vital early step in the process. Remember that 
"scale" means several things: geographic extent, spatial resolution, and 
level of detail on maps and in geographic information systems (GIS) and 
other databases. Appropriate scales should be determined by (1) clearly 
identifying conservation issues, including environmental conditions and 
species (e.g., preservation of an old-growth stand, restoration of a water¬ 
shed, conservation of overall biodiversity, protection of specific RLK 
species, etc.); (2) evaluating available data on distribution of environmen¬ 
tal conditions and species of conservation interest, to determine their geo¬ 
graphic extent and spatial resolution; and (3) consulting any pertinent 
models or experts to provide further understanding of geographic loca¬ 
tions, areal extent, and spatial resolution pertinent to the species' popula¬ 
tion distribution and potential dispersal and movement patterns. The 
results can be used to guide over what area, in what specific locations, and 
at what level of resolution to conduct a set of guidelines for species conser¬ 
vation, inventory, survey, and study or to apply a species prediction model. 

Combining conservation approaches to achieve management objectives 
is covered in detail in chapters 8 and 12; chapter 11 provides details on pro¬ 
grammatic implementation considerations. 


Sampling Considerations 

Detecting and sampling rare species entails special statistical considera¬ 
tions (Thompson 2004). It may be possible to estimate the total number of 
species in a community by using methods of compiling species accumula¬ 
tion curves (Shen et al. 2003) and rarefaction and related analyses (e.g., 
Haddad et al. 2001; Mao and Colwell 2005). However, although these 
curves describe total species richness, they may not provide reliable infor¬ 
mation on individual RLK species. 

It may not be critical (or possible) to survey or monitor all RLK species 
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in a community. One reason is that many such species may be very diffi¬ 
cult to detect; that is, the probability of their appearing in a survey or 
inventory sample given that they are actually present may be very low. 
Once a threat assessment (see chap. 4) helps determine which RLK species 
to study, one of the more difficult challenges in conserving the species is 
developing statistically valid sampling schemes to effectively deal with the 
detectability issues. Such sampling schemes may entail the use of particu¬ 
lar statistical distributions to guide the number and dispersion of samples 
in the field, depending on the expected density and dispersion of the rare 
species being sampled. Different statistical distributions have different 
properties, and some are better suited to help ensure that rare species are 
adequately included in samples at specified levels of confidence. 

For example, Venette et al. (2002) suggested use of the hypergeometric, 
binomial, and beta-binomial distributions for sampling rare invertebrates. 
Green and Young (1993) suggested that adequate sampling effort to detect 
rare species could be determined by use of the Poisson and negative bino¬ 
mial distributions, particularly if the organisms are not spatially aggre¬ 
gated. However, with many species, one form of rarity (see table 5.1) is 
indeed local aggregation with overall total low population numbers. In 
such cases, other authors have suggested use of various adaptive sampling 
strategies (papers in Thompson 2004) such as adaptive cluster sampling 
(Philippi 2005), which begins at known concentration centers or locations 
of a species and then extends adjacent samples from those points. 

Cutler et al. (2001) described sampling RLK species as a problem of rep¬ 
resenting rare events in space and time. Because of the many unique attrib¬ 
utes of RLK species, they stated, "these characteristics provide unique statis¬ 
tical challenges to the design of surveys to provide quantifiable estimates 
about the species." They prescribed a three-pronged approach to information 
gathering: (1) conduct coarse-grained distribution surveys to determine the 
degree of rarity and habitat association of the species and to determine their 
probability of occurrence and their habitat associations; (2) conduct midscale 
(e.g., watershed) distribution surveys to model probability of occurrence and 
ecological association; and (3) gather persistence-related information, at the 
scale of the population, to determine parameters such as local population 
density and, as possible, demographic vital rates (survivorship and mortality 
rates). They described a suite of sampling designs, several of which have 
been implemented in the Survey and Manage program (see Cutler et al. 
2001; Molina et al. 2003; Molina et al. 2006; and chap. 4 for details) and 
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emphasized three primary considerations in design selection: (1) cost effec¬ 
tiveness, (2) ability to quantify the uncertainty in the estimates of popula¬ 
tion characteristics, and (3) flexibility in making changes to the designs to 
obtain different types of needed information. 

Determining appropriate sampling frames and sample sizes for RLK 
species means knowing something about two parameters: the probability 
P that the organism is present at a site, and the probability Q of detecting 
the organism given that it is present (MacKenzie et al. 2003). That is, if D 
represents a detection event, then E(D|P) = 0, E(D|P) = Q, E(D|P) = 1 - Q, 
and where E = expected value or probability (and the bar represents 
"not"). Parameter Q is generally referred to as "detectability," and deter¬ 
mining this probability is not easy. For example, Royle (2006) noted that 
estimating the probability of occurrence of a species can be confounded by 
detectability itself and may vary due to variation in the species abundance 
(especially when using methods where user experience, learning, and 
search image are important). Still, estimating detectability is important 
because false conclusions of species absence may lead to habitat-disturbing 
activities that would locally reduce or extirpate the organism, adding to 
overall threat levels. Thus estimates of detectability should be considered 
when estimating overall abundance, local presence, or viability of RLK 
organisms (MacKenzie and Kendall 2002; Royle et al. 2005; see also 
Beavers and Ramsey 1998; Jenouvrier and Boulinier 2006). 

For example, in the Pacific Northwest, preliminary results from the 
Survey and Manage program's regionwide cross-taxonomic surveys of 
RLK species, using a stratified random sampling grid, have shown that 
some species are so rare and spotty in distribution that the numbers of 
encounters have been too low to reliably extrapolate numbers throughout 
the region (Molina et al. 2006). However, for some of the less rare species, 
random grid designs at the plan scale have been effective in finding new 
locations of individuals (Edwards et al. 2004), although a strict analysis of 
detectability has not been conducted. 

A more broad-brush approach to inventory of RLK species may entail 
use of rapid survey and ecological assessment methods (Sayre et al. 2000), 
such as Oliver and Beattie (1996) and Jones and Eggleton (2000) used to 
inventory invertebrates. Such methods typically entail blanketing a study 
area with several taxonomic specialists who intensively collect as many 
specimens or sightings of organisms over a short time period. The samples 
usually include many (but seldom all) RLK species; the approach will often 
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miss organisms that may be present but that are not detectable during the 
short time period of the survey. The purpose is to sample and determine at 
least the presence of individual species, not just to build species accumula¬ 
tion curves and estimate total species richness. The advantage of rapid sur¬ 
vey methods is the collection of a relatively large, representative set of 
organisms from a community in a short time; the disadvantages are that 
some rare species are still missed in the samples and the statistical proper¬ 
ties of the samples may be difficult to assess. 

Some species that are secretive or that occur in locations difficult to 
study may be known from just a few locations, and some of these species 
might be more abundant than previously suspected. Such seems to be the 
case with the sharp-tailed snake in the U.S. state of Oregon. The limited 
inventory previously available on this species suggested that it might be 
rare, and it is listed as vulnerable by the state of Oregon. Surveys by 
Hoyer et al. (2006) more recently expanded the known range and number 
of sightings of this species by almost a factor of 10, suggesting that the 
secretive nature of this species lent to its being unnecessarily listed as vul¬ 
nerable. However, because a species is secretive does not necessarily mean 
that it is more abundant than thought and thus not vulnerable. 


Habitat Modeling 

One tool that may be useful for assessing and conserving RLK species is 
that of modeling to predict habitat quality and potential presence of organ¬ 
isms. Species-habitat modeling has a long and rich history in ecology and 
resource management (e.g., Verner et al. 1986; Scott et al. 2002), but there 
are special considerations pertaining to RLK species. 

Many of the same detectability and sampling issues apply to developing 
predictive habitat models for RLK species. Failing to account for missing an 
RLK species during surveys carries similar risks as predicting species 
absence when the species is actually present. The modeling risks include 
biasing estimates of site occupancy, colonization, and local extinction prob¬ 
abilities (MacKenzie et al. 2003). 

It can be extremely difficult to collect enough habitat information 
when few sites are available for analysis and when rare species are 
patchily distributed. Nevertheless, some rare species have been modeled 
successfully. For instance, Dunk et al. (2004) predicted occurrence of five 
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species of rare mollusks in Northern California, using generalized addi¬ 
tive models to estimate each species' distributional range and habitat 
associations. In the Pacific Northwest, federal land management agencies 
under the Survey and Manage program (see example later in chapter) 
have used regionwide potential natural vegetation GIS models (Hender¬ 
son 2001; Lesher 2005) and Bayesian belief network models (Marcot 
2006) to predict Survey and Manage species occurrence and to prioritize 
landscape and stand-scale surveys. 

It is essential to clarify the objectives for modeling RLK species and 
habitats, including the potential application of the models. One such set of 
objectives, as used in the Survey and Manage species program, may be to 
assess quality and spatial distribution of habitat by which to prioritize sites 
for expensive field surveys for the organisms, as in preproject or predistur¬ 
bance surveys. In the Survey and Manage example, models of selected RLK 
species have been developed at two scales: (1) an ecoregional scale using 
broad topographic and climatic parameters in GIS analyses, by which to 
map suitability of environments across watersheds (Henderson 2001; 
Lesher 2005); and (2) a fine scale using within-stand vegetation and sub¬ 
strate characteristics in Bayesian belief network (BBN) models by which to 
calculate likelihoods of habitat quality classes within the watershed at par¬ 
ticular sites (Marcot 2006). These two scales of models can be used in a 
tiered fashion, first predicting suitable areas broadly at the ecoregional 
scale, and then within those areas further assessing degree of suitable habi¬ 
tats and substrates within vegetation stands or at particular sites. Alterna¬ 
tively, one could also accrete local model outcomes to model broader-area 
conditions (Rastetter et al. 1992). Tiering the models may reduce errors of 
inclusion, that is, avoiding the prediction of suitable environments and 
potential presence of the species in areas clearly outside the species' range 
of distribution or range of tolerable conditions. 

However, RLK species prediction models may be developed to deliber¬ 
ately err more on the side of commission than omission (presuming that 
some modeling prediction error is always present), particularly if predict¬ 
ing species absence means that proceeding with ground-disturbing activi¬ 
ties would decimate the organisms from the site. The balance between 
types of errors can be defined according to the real and opportunity costs 
involved. Predicting high habitat quality or presence of the organism when 
the habitat is actually low in quality or the organism is absent (a type I 
error) may unnecessarily trigger expensive and activity-delaying surveys 
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and losing access to valuable resources (e.g., timber). On the other hand, 
incorrect prediction of low habitat quality or absence of the organism 
when the habitat is actually high in quality or the organism is present (a 
type II error) may unnecessarily result in local extirpation of the species. 

Models can and should be tested to determine their frequency (and thus 
probabilities) of type I and type II errors. The land and natural resource 
manager (hereafter, resource manager) would then need to weigh these 
tradeoffs associated with each type of error (Marcot 1986; Mapstone 1995) 
and may also consider opportunity costs and likelihoods of legal appeals 
and of not meeting other resource management objectives. In this way, 
habitat models for RLK species could be part of a broader decision-model¬ 
ing framework in which alternative management actions (e.g., to survey or 
not; to proceed with ground-disturbing activities or not), their costs and 
their effects on habitat conditions, and the utility values of resulting habi¬ 
tat states or resources produced, can be integrated into decision trees or 
other tradeoff analyses. 

Another use of habitat modeling of RLK species is to expand our eco¬ 
logical understanding of the species. This can be done using traditional 
multivariate statistical analyses of inventory and survey data to identify 
major environmental correlates. It should be emphasized that nothing 
replaces sound empirical field research for expanding ecological under¬ 
standing. Models play a subservient role in such ventures, to help identify 
major correlates and causes. 

Habitat modeling of RLK species can also be used to identify and pri¬ 
oritize vegetation or other habitat attributes for conservation or restora¬ 
tion. Once an RLK species habitat model is built (and hopefully calibrated 
and perhaps further validated with field data), sensitivity analysis (e.g., 
Keitt et al. 1997) can reveal which prediction variables (vegetation or 
habitat attributes) most account for variation in response variables (habi¬ 
tat quality or RLK species presence). For instance, rank-ordering predic¬ 
tion variables according to their explanatory power (i.e., the degree to 
which variation in the species response is accounted for by variation in 
each prediction variable) tells which vegetation or habitat characteristics 
have the most influence on RLK species habitat quality or species pres¬ 
ence. Of course, the reliability of using this approach depends in part on 
the set of habitat variables included in the model and their correlations. 
The importance of any variable is always measured in the context of the 
other variables. 
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The explanatory power of prediction variables can be gauged in various 
ways. A popular approach is the use of Akaike's information criterion 
(AIC). This index denotes which model—that is, which combination of 
predictor variables—best fits the observed data without overfitting the 
data with too many parameters (Burnham and Anderson 2002). The mod¬ 
eler will still need to decide if the best-fit model makes ecological sense. 
Other approaches to determining the explanatory power of prediction 
variables and the best model to use include information theoretic model¬ 
ing (Burnham and Anderson 2002), which entails depicting the relation 
among variables as likelihoods and comparing the relative values of those 
likelihoods. This approach too can suggest the best suite of variables that 
have the best explanatory power for a given response. 

Another way to gauge explanatory power of prediction variables uses 
variance reduction in analysis of model sensitivity. Variance reduction is 
the degree to which incremental changes in the value of a predictor vari¬ 
able accounts for variation in the response variable. High variance reduc¬ 
tion of a predictor variable means much of the variation in the response 
variable is accounted for by that predictor. Variance reduction is used with 
continuous variables; an analogous "entropy reduction" is used with cate¬ 
gorical variables. The resource manager could then use the rank-order list 
of site variables to prioritize variables for restoration or conservation. This 
presumes that the validated model truly represents the set of prediction 
(site) variables that affect the species response variables. If validation is not 
done with such models, then the models represent little more than the 
belief structures of the modelers, so that sensitivity analyses cannot be 
used to truly determine the main influential parameters. It may still be 
useful to pose testable hypotheses. 

For example, sensitivity analysis of a site-scale habitat model of 
Townsend's big-eared bat (Corynorhinus townsendii) revealed the follow¬ 
ing site attributes listed in decreasing influence (decreasing values of 
entropy reduction) on prediction of habitat quality for this species: pres¬ 
ence of caves or mines, large snags or live trees, forest edges, cliffs, bridges 
or buildings, and boulder piles (Marcot et al. 2001). The influence of each 
of these habitat attributes was positive on habitat quality. Most of the 
influence came from the first four attributes, so in this case, the resource 
manager could get the greatest return by focusing initial funding and con¬ 
servation efforts for this species on gating caves and mines, conserving 
large snags or live trees, retaining forest edges, and not disrupting cliff 
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environments. However, in this particular example, the bat model was 
developed from knowledge of bat experts, not from empirical data, so the 
interpretation of the sensitivity test results should be treated as testable 
working hypotheses, not as definitive knowledge of which site factors 
more influence presence of this bat species. 

One should realize that testing, validating, updating, and testing sensi¬ 
tivity of such models using correlation analysis does not necessarily reveal 
the true causal variables. The truism is that correlation is not necessarily 
causation. However, if the results of testing fundamentally disagree with 
the conceptual models of experienced biologists, then the basic model 
structure should probably be reexamined. 

For any kind of habitat modeling of RLK species, it may be valuable to 
record field data when species are not detected as well as when they are 
detected (e.g., Zielinski and Stauffer 1993; Carroll et al. 1999; Kery 2002). 
With such data, type I and II errors can both be analyzed, as with so-called 
confusion matrices, which present error rates of false prediction of pres¬ 
ence and absence. Too often, however, empirical data on RLK species are 
only on presence, although modeling species-habitat relations based on 
use-availability data can also be of value (e.g., Hirzel et al. 2002). Museum 
and collection records, and most field inventory and survey records, gen¬ 
erally provide only presence data. 

With no way to gauge how well models predict absence (i.e., statistical 
power; Steidl et al. 1997; Thomas 1997), the resource manager would be 
unsure if prediction of low habitat quality or "lack of presence" of an RLK 
organism in an area truly implies a high confidence that it is absent. Thus 
there may be uncertainties associated with gauging risk of inadvertent 
local extirpation. However, the methods of MacKenzie (2006) provide for 
ways to adjust species responses for the probability of their detection given 
a level of sampling effort, and this might help reduce some of the uncer¬ 
tainty associated with lack of data on species absence. 

For plants and allies (fungi, lichens, bryophytes), lack of detection in 
well-surveyed vegetation plots may be taken as a reasonable "absence" for 
modeling purposes, although some cryptic life forms may still be difficult 
to detect, and people conducting field surveys may require special training. 
For any taxa, it may be worth establishing and testing field survey proto¬ 
cols for ensuring that both presence and absence can be determined at 
acceptable levels of confidence. Also, it is important to denote in species 
databases whether lack of presence means confirmed absence (searched for, 
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according to a survey protocol, and not found) or unknown absence (a sur¬ 
vey protocol was not used to determine absence, and the species was not 
reported present). 

Habitat modeling of RLK species could also distinguish between predic¬ 
tion of habitat quality and prediction of actual presence of the organism 
(Church et al. 2000). With rare species, habitat may seem entirely suitable 
but the organism may often still be absent because of many other factors 
affecting rarity (see chap. 3). Such effects are particularly confounding 
with RLK species. Even with fully suitable habitat, to the best of expert 
knowledge and as far as can be identified and predicted from field data, 
only a small percentage of such sites might actually harbor an RLK organ¬ 
ism. The resource manager may find that habitat models predicting habi¬ 
tat quality instead of species presence are entirely sufficient for most pur¬ 
poses, such as to help prioritize sites for field surveys. 

As an example, Imm et al. (2001) developed models of rare plants based 
on resource and vegetation characteristics in southeastern U.S. hardwood 
forests. They found that the models accurately predicted habitat but, not 
surprisingly, only when the plants were strongly associated with these 
variables and the scale of modeling coincided with habitat size. They con¬ 
cluded that habitat prediction models can be useful tools for managing rare 
plants, especially when combined with information from research and 
monitoring. 

As new information is gathered, it can be integrated back into the mod¬ 
els to further calibrate, validate, and amend them to be more accurate. 
Some modeling approaches, such as BBN models and many "data mining" 
tools (e.g., associations and pattern discovery methods, Bayesian hierarchi¬ 
cal modeling, and probabilistic relational modeling), can handle missing 
data and can integrate new data to update underlying probability tables or 
functions (Dominici et al. 1997). In some approaches, databases, even those 
having some missing data, can be used to generate a set of rules that opti¬ 
mally predict some outcome, such as habitat quality, based on a set of envi¬ 
ronmental or habitat predictor variables. These are "rule induction" algo¬ 
rithms and they include classification and regression trees and 
fuzzy-logic-based inductive modeling methods (Stockwell et al. 1990; Jef¬ 
fers 1991; Uhrmacher et al. 1997). Other updating techniques include 
sequential and empirical Bayes methods (Johnson 1985, 1989; Ver Hoef 
1996) and expectation maximization and other methods (Dempster et al. 
1977). The value of such approaches is to create a predictive model that can 
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at least be used to generate hypotheses about causal influences of species 
presence. The risk, though, with rule induction approaches is in overfitting 
the data so that the resulting model may work well with the (often lim¬ 
ited) data at hand but is not general enough to apply anywhere else or 
under any other conditions. 

These very powerful tools extend the toolkit of traditional ("frequen- 
tist") statistical analyses and can be used to construct and update habitat 
models of RLK species. In particular, using methods that account for 
missing data—a common situation with RLK species data sets—may be 
quite useful. The initial modeling, in fact, can be done based on quizzing 
a species expert and building a prediction model based on the expert's 
best judgment of what constitutes suitable habitat (building such models 
has long been called knowledge engineering in the artificial intelligence 
computer programming literature; e.g., Fox 1984). The reliability of 
models based solely on expert knowledge—"expert systems" in the 
broadest sense—may be unknown or difficult to judge without subse¬ 
quently testing it with field data. However, a rigorous peer-review 
process (or a sequential interview or rigorous expert panel process) can 
still be used to build the initial expert-based model if there are such other 
peer experts available who have knowledge of the species. 

In some cases, the species may be just so rare, so difficult to detect, or so 
unknown, that any field surveys are not practical. In such cases, expert- 
based habitat models should be used with caution and as working hypothe¬ 
ses. Very RLK species may be impossible to model individually. In those 
cases, developing models of species habitat groups (e.g., old-forest canopy¬ 
dwelling arthropods, or mesoscopic soil organisms) or species functional 
groups (e.g., rock-adhering stream bryophytes that serve to filter water) 
may be a useful approach (chap. 6), although prediction of individual 
species within such species groups becomes problematic. 


Dealing with Uncertainty 

This section characterizes the kinds and sources of uncertainty and dis¬ 
cusses ways to address uncertainty to help reduce management risk. 

Assessing, modeling, and managing any species carries various kinds of 
uncertainty, or, more properly, sources of error. Sources of error tradition¬ 
ally include both measurement error and random error. Measurement 
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error can be reduced by using statistically rigorous research or survey 
designs, by attending to adequate training of individuals conducting the 
surveys and research, and by calibrating measurement tools, be they 
calipers, densiometers, eyeballs, identification keys, or models. Random 
errors can stem from inherent variation in species' distributions and envi¬ 
ronmental conditions affecting species' presence, and can be reduced (but 
usually not eliminated) with adequate sample sizes and sampling designs. 

Random error introduces unexplainable noise in biological studies. 
Moller and Jennions (2002) conducted a meta-analysis of a variety of 43 
biological studies and found that the mean amount of variance (R 2 ) by 
which the response variables were explained by the predictor variables was 
a rather dismal 2.51 to 5.42%. One implication was that the average sam¬ 
ple sizes needed to conclude that a particular relationship was absent with 
a power of 80%, and alpha = 0.05 (two-tailed) was considerably larger than 
that usually recorded in studies of evolution and ecology. This has dire 
implications for studies of RLK species where sample sizes are often far 
lower than needed for meeting widely accepted levels of statistical confi¬ 
dence and power. Of course, if a survey includes all members of some rare 
biological population, then it constitutes a complete census of the entire 
statistical population and there are no errors of estimation involved. This 
is seldom the case, or at least, it can seldom be demonstrated that an entire 
biological population has been located or that environmental conditions 
encountered during surveys would be invariant. Thus some errors of esti¬ 
mation or prediction are nearly always involved. 

Beyond these traditional types of uncertainty, assessment and conserva¬ 
tion of RLK species also carry some other special considerations. Some of 
these were mentioned earlier, particularly problems of detectability, taxon¬ 
omy, and field sampling methods and expertise. When species are incon¬ 
spicuous or rare, research studies and surveys are expensive, detections 
tend to be few, and data are sparse by which to project population estimates 
and determine habitat correlates. Estimators of relative abundance of 
species can account for low detectability of RLK species (e.g., MacKenzie 
and Kendall 2002), but with rare species it takes a lot of field effort to reli¬ 
ably develop such correction factors. Further, experts who can effectively 
locate the species in the field tend to be few, and training of survey techni¬ 
cians needs to be done rigorously to ensure reliable outcomes (e.g., Scott 
and Hallam 2003; Wilkie et al. 2003), particularly with data on species 
absence. 
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When modeling RLK species, many of these sources of uncertainty 
combine to create greater error in prediction of habitat quality and species 
presence (and absence). There is no one practical method for calculating 
such propagation of error from all these sources of uncertainty. The tradi¬ 
tional analytic method of calculating propagation of error entails expan¬ 
sion of the Taylor series to include terms for covariance among affector 
variables (Meyer 1986). Practically, however, such an approach is nearly 
impossible with RLK species. Clark (2003) has proposed a hierarchical 
approach to dealing with propagation of error in estimating population 
growth rates. In general, various sources of error can be characterized in a 
variety of ways. 

One of the simplest ways to characterize uncertainty of scientific 
understanding of RLK species is to have species experts denote a general 
level of confidence, such as depicting a level of confidence on an ordinal 
scale (e.g., low, moderate, high) representing the overall level of scientific 
understanding of the species. Such an approach has been used in several 
regional species-environment relations databases that include information 
on RLK species, and has been useful to sort species needing further study 
(Marcot et al. 1997; O'Neil et al. 2001). 

A more detailed listing of species information in addition to identifying 
information gaps and research needs on each species can be useful for 
guiding studies. For example, a database on research needs was compiled on 
terrestrial vertebrate species for the Interior Columbia Basin Ecosystem 
Management Project (Marcot 1997). The database represents significant 
gaps in scientific knowledge and includes 482 potential research study top¬ 
ics on 232 individual species and 18 groups of species. The main keyword 
subjects include basic ecology, distribution, inventory and monitoring, 
environmental disturbance, effects of land management activities, and 
other topics. The database can be searched a variety of ways, such as to 
determine which species share specific information gaps, or the full array 
of research needs on a specified species or group of species. A research 
needs assessment can also address a broader array of biodiversity attrib¬ 
utes related to RLK species and can be directed at prioritizing studies to 
meet the needs of resource managers (e.g., Smythe et al. 1996). 

If at least some field information is available on RLK species, such as 
from surveys or collection and voucher records, statistical analyses can aid 
further understanding of the ecology of the species, and initial models can 
be built to predict habitat quality and perhaps species presence. With few 
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sample points, however, traditional statistical estimation procedures may 
be fraught with high levels of error. For example, extrapolating a regional 
population from a small sample of a rare species may be risky if the sam¬ 
pling design fails to block on, or account for, some major environmental or 
habitat correlates of species presence, such as presence of a key pollinator 
or dispersal agent. The estimate may be precise (such as having a low vari¬ 
ance or low odds ratio) but it may be biased if the sample does not accu¬ 
rately represent the full range of conditions present throughout the 
region. Statistical methods of bootstrapping, rarefaction analysis, or cumu¬ 
lative error analysis may help reveal such biases but cannot eliminate such 
errors. Further, nothing short of solid field autecology studies can truly 
reveal the mechanisms underlying distribution and abundance patterns of 
RLK species. 

Other kinds of uncertainty in assessing and managing for RLK species 
pertain to metapopulation dynamics (Thomas 1994). If RLK species are 
patchily distributed with at least some interchange among patches (popu¬ 
lations), two factors can have a major (positive) effect on long-term per¬ 
sistence of the overall metapopulation: (1) if populations tend to vary 
asynchronously between one another, and (2) if organisms can success¬ 
fully disperse among habitat patches and recolonize empty patches. These 
two factors likely vary greatly among many taxonomic groups, rendering 
it impossible to generalize among all RLK species. 

Other factors pertaining to population viability—including demo¬ 
graphic vital rates, and genetic isolation and simplification of gene pools— 
also likely vary greatly among taxa and species. It is not useful to predict 
viability of an RLK species based solely on general life history character¬ 
istics of a taxonomic group or even of a closely allied congeneric (i.e., 
belonging to the same genus) species (Lehmkuhl et al. 2001; Wilcox and 
Possingham 2002); there is simply too much variation among species (see 
chap. 6). 

Sampling and analysis schemes can be devised to estimate richness of 
species, including rare species. Rosenzweig et al. (2003) tested six methods 
of estimating total species richness of butterflies in Canada and the United 
States, at the broad scale of biogeographical provinces. According to their 
findings, methods that rely on extrapolating from frequency of sampled 
species did not work well to estimate the total number of species. Other 
methods rely on estimating the asymptote of the species-accumulation 
curve, which is a graph of the number of species in a set of samples by the 
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number of species occurrences in those samples, where the number of 
species at the asymptote is the estimated total number of species in the 
community. Asymptote methods served as reliable estimators of total 
number of species even with relatively small samples (10% of the ecore- 
gions sampled) when samples were well dispersed spatially but not when 
samples were clustered. In this way, at least the total number of species in 
a community can be estimated, although such approaches do not reveal 
which species, particularly the rare ones, are present. 

In summary, despite best efforts and use of analytic and evaluation 
methods to describe and reduce errors of estimation and to improve under¬ 
standing and prediction, some uncertainty in scientific knowledge and 
management of RLK species will remain. 


Management Implications 

By definition, managing for RLK species carries great uncertainty. How 
might the resource manager use the information on uncertainty as dis¬ 
cussed in the previous section? 

This is the case with surveys of northern spotted owls (Strix occiden- 
talis caurina), a relatively rare species in conifer forests of the Pacific 
Northwest, where a strict and rather complicated survey protocol (USDA 
Forest Service 1993) has been established to determine nesting status (box 
5.1). The complexity of this example is not unusual, given that spotted 
owls are scarce everywhere (rarity condition [a] in fig. 5.1), occupy large 
home ranges, and are not necessarily highly detectable during any given 
survey outing, either by direct visual observation or by soliciting 
responses from playing taped calls and songs. Also, should nesting not be 
confirmed after all the survey visits stipulated in the protocol are con¬ 
ducted, only then can one state with a moderate degree of confidence that 
nesting is indeed not occurring at that site. Similar, complex survey proto¬ 
cols to determine presence and absence have been established for a wide 
variety of species and taxa under the Survey and Manage program, includ¬ 
ing for RLK fungi, lichens, bryophytes, and mollusks, and other species of 
concern within the Northwest Forest Plan, such as marbled murrelets 
(.Brachyramphus marmoratus). For example, the marbled murrelet proto¬ 
col uses detection probabilities to set the number of site visits to provide a 
high confidence (95%) of observing the birds if they are present. 


Box 5.1. Survey protocol standards for determining nesting sta¬ 
tus of northern spotted owls (Sfr/x occidentalis caurina ) in the 
Pacific Northwest (USDA Forest Service 1993). 

Shown here is only part of a much longer protocol that pro¬ 
vides guidelines for determining pair status, resident single sta¬ 
tus, unknown (single owl) status, absence (verified unoccupied 
site), and reproductive status (nesting status and reproductive 
success). 

1. Nesting is confirmed if any of the following conditions are 
observed. Two observations, at least 1 week apart, are required to 
determine nesting status if the first observation occurs before 1 
May. This is necessary because the owls may show signs of initiat¬ 
ing nesting early in the season without actually laying eggs, and 
their behavior could easily be mistaken for nesting behavior. After 
1 May, a single observation is sufficient. Nesting is confirmed if, on 
two visits before 1 May, or one visit after 1 May: 

a. the female is detected (seen) on the nest; or 

b. either member of a pair carries natural or observer-provided 
prey to the nest; or 

c. a female possesses a brood patch when examined in hand dur¬ 
ing mid-April to mid-June. Only one observation is required. 
Dates may vary with the particular areas. Be careful not to con¬ 
fuse the normal small areas of bare skin (apteria) on the 
abdomen with the much larger brood patch. A fully developed 
brood patch covers most of the lower abdomen, extending to 
the base of the wings. Describe the brood patch on the field 
form, including length, width, color, and texture of the skin, 
and any evidence of regenerating feathers around the edge 
(NOTE: while a scientific research permit from the U.S. Fish and 
Wildlife Service is not required for calling spotted owls, any cap¬ 
ture or handling of spotted owls does require such a permit); or 

d. young are detected in the presence of one or both adults. 
Because young barred owls look like young spotted owls until 
late in the summer, the presence of young alone is not suffi¬ 
cient to confirm nesting. 

2. Nonnesting (and nonreproduction) is inferred if any of the 

following are observed. Two observations are required during the 
nest survey period, with at least 3 weeks separating these observa¬ 
tions to ensure that late nesting attempts are not missed. The sec¬ 
ond observation should occur after 15 April. Because nesting 
attempts may fail before surveys are conducted, the nonnesting 
status includes owls that did not attempt to nest as well as those 
that have failed. Nonnesting is inferred if: 
a. the female is observed roosting for 60 minutes, particularly 
early in the season (1 April to 1 May). (Be aware that nesting 
females with large nestlings often roost outside the nest during 
warm weather. If in doubt, be sure to schedule one or more vis¬ 
its in mid-June to check for fledglings); or 


( continues) 
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Box 5.1. Continued 

b. the female does not possess a brood patch when examined in¬ 
hand between mid-April and mid-June. Only one observation is 
required; or 

c. the pair is not located after a 4-hour search on two separate vis¬ 
its; or 

d. you offer prey to one or both members of the pair and they 
cache the prey, sit with prey for an extended period of time (30 
to 60 minutes), or refuse to take additional prey beyond the 
minimum of two prey items. To be considered a valid nesting 
survey, an owl must take at least two prey items. 

Surveys where the bird(s) leave the area with prey and you are unable 
to determine the fate of the prey cannot be classified as to nesting 
status and do not count toward the required two visits. Banded or 
radio-marked birds may be reluctant to take prey at all; therefore, 
nesting status should be inferred from other means (e.g., checking for 
fledglings later in the season). 

3. If nesting is not determined before the latest date (by province) 

listed for nesting status visits, you cannot classify the owls as 

nonnesting using the criteria listed above. Nesting is unknown if: 

a. owls are found after these dates, without young; or 

b. no owls are found after these dates at those sites where owls 
were present prior to these dates. 


A related and more general question is, how far should assumptions of 
species' presence and habitat associations be relied upon? Another way of 
asking this is, what are acceptable levels of type I and II errors when mod¬ 
eling or predicting occurrence of an RLK species? As discussed earlier, a 
type I error is a false prediction of species presence or adverse effect, and a 
type II error is false prediction of species absence or no effect. Here, the 
answer is less clear than simply demanding proof of presence or of adverse 
effects. A resource manager may wish to determine opportunity costs and 
values of outcomes ("utilities" in decision modeling), as well as possible 
harm or benefit to the species, under each possible type of error, and then 
balance them according to their management risk attitude. 

To do this, resource managers would first have to characterize their risk 
attitude. Risk attitude refers to the degree to which one is risk seeking, risk 
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neutral, or risk averse for particular kinds of decisions. For example, a 
resource manager may be averse to moderate or high probabilities that an 
RLK species would become imperiled because it may mean that the species 
would then become petitioned for listing as a threatened or endangered 
species, which could then entail expensive and time-consuming revisions 
of natural resource and land management plans. Or the resource manager 
may be tolerant (seeking) of such risks if social, administrative, or political 
pressures were high for maintaining or increasing rates of extraction of 
other natural resources. In some cases, risk may even be judged according 
to potential for changes in one's career path, potential promotion or demo¬ 
tion, possibilities of lawsuits and legal actions, and so forth. These are legit¬ 
imate causes for concern and consideration by decision makers and line 
officers, and they do figure into their risk attitudes, albeit usually tacitly 
and not as part of explicit decision criteria. In other cases, one's risk atti¬ 
tude may be dictated, to a degree, by policy or law, such as leaning toward 
risk aversion when dealing with potential harm to a listed threatened or 
endangered species because national law and resource and land manage¬ 
ment agency policy and regulations dictate so. 

A risk analysis would then help outline alternative or sequential man¬ 
agement decisions and probabilities of various outcomes such as response 
by an RLK species. In risk analysis parlance, a "policy" becomes a set of 
alternative management decision options along with the probabilities of 
outcomes and the values or utilities of each possible outcome. Risk atti¬ 
tudes can determine which decision or sets of sequential decisions are 
"best" in terms of a stated decision objective, such as minimizing harm to 
an RLK species. 

Uncertainty over the occurrence or response of little-known species can 
be represented as a range of possible outcomes of decisions and can be 
depicted as a range of probabilities of species presence or as a general trend 
of populations or habitats. Depending on their risk attitude, resource man¬ 
agers could then look at the spread of possible outcomes and not just the 
median or mean outcome, or just the extreme "best" or "worst case" out¬ 
come. With RLK species, the spread is likely to be far wider than with more 
common and better-known species. 

Outcomes could pertain to possible effects on species persistence but 
also to secondary effects on ecological processes resulting from changes to 
RLK species. Such processes may include the ecological roles that RLK 
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species might play as key pollinators, dispersal agents, contributors to 
ecosystem resistance to exotic species invasion, decomposers and other 
roles in nutrient cycling, and so on. The aim would be to view RLK species 
not just as independent entities but also as dependent players in the 
broader ecological tapestry. 

The implications of managing for RLK species are further discussed in 
subsequent chapters. Chapters 6 and 7 evaluate how various species- and 
system-level management approaches might suffice for conservation of 
RLK species. Chapter 8 then discusses effectiveness of the various manage¬ 
ment approaches; chapters 9 and 10 address social and economic consider¬ 
ations; chapter 11 reviews implementation considerations; and chapter 12 
presents a process for determining appropriate and useful approaches for 
conservation of RLK species. 


Conclusion 

RLK species comprise a diverse lot. They span a wide range of taxonomic 
classes, life histories, ecologies, levels of abundance, and distributional pat¬ 
terns. Some are cryptic, secretive, and difficult to find, and thus there is lit¬ 
tle to no information available on their abundance, distribution, and aut- 
ecology. Some are truly rare, and others might be more common than their 
apparent rarity suggests. 

One way to help make sense of this confusing array of conditions is to 
denote the type of rarity and the reason for poor knowledge levels of a 
given RLK species (Table 5.1). These categories of rare and little known can 
help clarify why a species might be rare, explain why it might be little 
known, and describe what could be done to aid in its conservation and to 
increase our knowledge. 

For example, a species that is rare because it is generally scarce every¬ 
where could benefit from dispersed conservation activities, be they multi¬ 
ple reserves or guidelines to conserve or restore the species' key habitat 
attributes in selected locations dispersed across the species' range. On the 
other hand, a species that is rare because it has an overall small total pop¬ 
ulation but that might be locally more abundant, or because it consists of 
a distinctive or peripheral population, could benefit by concentrating 
reserves or activities for conserving its key habitat attributes at its popula¬ 


tion centers. 
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Likewise, a species that is little known because of incomplete taxonomic 
descriptions could benefit from systematic studies to better determine its 
taxonomic status. A species that is little known because limited inventories 
have been conducted could benefit from expanded survey efforts or sur¬ 
veys with statistically sound protocols to provide more reliable informa¬ 
tion on its presence and absence. A species that is little known because 
there is poor understanding about its ecology could benefit from surveys 
and studies designed to provide information on life history and habitat 
associations. 

In many cases of RLK species, knowledge is power. Knowledge from 
ecological studies and general surveys can greatly reduce uncertainty over 
whether a species is truly rare, should really garner status as threatened or 
endangered, or requires special consideration for conservation reserves or 
management guidelines. Data from well-designed surveys can be used to 
develop models that predict the habitat and perhaps occurrence of RLK 
species, for use in land management and for prioritizing species for conser¬ 
vation focus. Examples we have cited suggest that with additional informa¬ 
tion, conservation of some species may become less stringent than initially 
suspected and may need to be reaffirmed or increased for other species. The 
next two chapters explore potential approaches to species conservation and 
their effectiveness for providing for RLK species. 

RLK species should not be discounted in terms of the potential ecologi¬ 
cal importance they may play in ecosystem functions. Certainly, many 
poorly known micro- and mesoarthropods play crucial ecological roles in 
soils and forest canopies. Many such species are uncharistmatic and may 
seldom be chosen for specific conservation focus. But they may be con¬ 
tributing important functions to help ensure productivity of ecosystems 
and provision of services to people. 
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Species-Level Strategies 
for Conserving Rare or 
Little-Known Species 

Bruce G. Marcot and Curtis H. Blather 


Conservation science is concerned, in part, with anticipating 
how natural or human-caused disturbance affects the pattern of common¬ 
ness and rarity among the biota of a given area (Lubchenco et al. 1991; also 
see chap. 1). In this and the next chapter, we review various species- and 
system-level approaches proposed or applied to species conservation plan¬ 
ning and assessment. We review the literature on approaches to conserva¬ 
tion and management of individual species, groups of species, communi¬ 
ties, and ecosystems, as published in peer-reviewed ecological outlets or in 
reports by land management agencies and nongovernmental organiza¬ 
tions. We summarize conservation goals and objectives, discuss the scien¬ 
tific basis, and identify strengths and weaknesses of each approach for 
addressing conservation needs of rare or little-known (RLK) species of 
plants and animals. This review is intended to provide land and natural 
resource managers (hereafter, just "resource managers") access to this 
diverse literature and the basic information needed to select those 
approaches that best suit their conservation objectives and ecological con¬ 
text. A companion chapter (see chap. 8) outlines a process to evaluate how 
well each approach meets conservation objectives. 


Categories of Approaches 

In our review of the literature and drawing upon our knowledge and expe¬ 
rience, we developed a classification system of approaches to conservation. 
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We classify the approaches in two broad categories. Species approaches 
result in conservation actions focused on providing for individual species 
or groups of species with common needs or common ecological character¬ 
istics. System approaches result in conservation actions focused on provid¬ 
ing for community or ecosystem composition, structure, or function. 
These categories are artificial, in that species and system approaches are 
not necessarily mutually exclusive or independent. However, this 
dichotomy is useful for systematically presenting the numerous 
approaches appearing in the literature. 

Other classifications of conservation approaches exist in the literature. 
One familiar to many resource managers is the dichotomy of coarse- and 
fine-filter management (Noss 1987). Although this classification has high 
recognition, it is also characterized by a high degree of ambiguity. For 
example, Overton et al. (2006) used these concepts to characterize land¬ 
scape (coarse-filter) and microhabitat (fine-filter) use by pigeons 
(Columba fasciata ) in western Oregon, whereas other authors use the con¬ 
cepts to refer to geographic scales of land-use planning and resource man¬ 
agement. Schwartz (1999) defined a fine-filter approach as one where con¬ 
servation efforts are focused on genetic, population, or species levels, and 
coarse-filter approaches are aimed at the community, ecosystem, or land¬ 
scape levels. Under this simple distinction, coarse-filter approaches may 
correspond to what we refer to here as system approaches (e.g., Reyers et 
al. 2001; Armstrong et al. 2003), and fine-filter approaches may correspond 
to species approaches. 

An underlying assumption in common among at least some of the 
species-level approaches is that meeting the needs of one or more species 
would serve, to a degree, to provide for other species and for broader eco¬ 
logical communities or systems. The operative phrase is to a degree, which 
begs for a risk analysis of threats to the species (i.e., a threats assessment; 
see chap. 4) and a risk management framework (see chap. 9) by which the 
likelihood of successfully meeting these assumptions is gauged. 

As we have defined them, species approaches focus on meeting the 
needs of individual species or groups of species and include those focused 
on managing for the viability of individual species, surrogate species, or 
groups of species, plus geographically based approaches (table 6.1). For 
each of these approaches we describe the theory, concepts, and scientific 
basis for the approach and provide examples, where available, of their use 
in technical assessments, management or planning, and monitoring. 


Table 6.1. Summary of species approaches 
showing descriptions and main assumptions 


Name of Approach 


Conservation of 
individual species 
based on concepts 
of population 
viability 


Umbrella species 


Focal species 


Guild surrogates 


Description_Main Assumptions 

Viability Approach 


Likelihood of persistence 
of a population over 
a specified time period 
and geographic area 


• The ecology, dynamics, demography, 
and/or genetics of a species is known 
well enough to estimate persistence 
probabilities 

• Viability analyses are realistic enough 
to incorporate and correctly represent 
the major factors influencing popu¬ 
lation size over time 

• Population isolation and fragmentation 
and lowering of genetic diversity have 
deleterious effects that can be modeled 
and predicted 

• Additional ecological considerations, 
including ecology and requirements of 
obligate symbionts, are known and 
accounted for 


Surrogate Species 


A single species that 
represents the require¬ 
ments of a portion or 
all of a species assemblage 
or community 


Target species that are 
identified for the purpose 
of guiding management 
of environments, habitats, 
and landscape elements 
in a tractable way 


One member or a subset 
of members serves as a 
surrogate for other members 
of the guild 


• Single species somehow represent the 
requirements of other species or its 
biotic community 

• Successful conservation of an 
umbrella species confers protection 
of its species associates and its 
ecological community 

• Target species represent the response 
to stressors by other species 

• There is a greater degree of such 
representation if the focal species has 
stringent requirements of resource use 
and dispersal capability but that use the 
broadest area 

• Patterns of resource use, ecological 
processes, and aspects of system status 
associated with focal species are closely 
correlated with those of other species 
that the focal species is intended to 
somehow represent 

• The status of one member or a subset 
of a guild is closely correlated with 
status of other members of the guild 

• Changes in environmental conditions 
affecting one or a subset of a guild 
would affect the other members in the 
same way or at least that population 
responses would be similar and signifi¬ 
cantly positively correlated 


(continues) 




Table 6.1. Continued 


Name of Approach 

Habitat assemblage 
surrogates 


Management 
indicator species 


Biodiversity 
indicator species 


Flagship species 


Entire guilds 


Entire habitat 
assemblages 


Description 

One of a group of species 
that share common 
macrohabitats 


A variety of categories: 
federally listed species; 
species with special habitat 
needs; species that are 
hunted, fished, or trapped; 
species of special or social 
interest; and species for 
which population changes 
might indicate effects on 
or status of other species 


One or more species 
selected to indicate areas 
of high biodiversity or 
high biological productivity 


Species that carry high 
public interest and garner 
social or cultural concern 
for their well-being 


Main Assumptions 

• One or a subset of species of a species 
assemblage represents the full 
assemblage 

• All members of an assemblage 
respond the same to availability of 
macrohabitats and, more specifically, 
the response of one member is closely 
and positively correlated with responses 
of other members 

• Macrohabitat is the major factor 
affecting presence, distribution, and 
trend of associated species 

• A set of species chosen as management 
indicator species somehow represent 
the array of management issues, 
conditions, objectives, and conservation 
concerns 

• Population status and trend of 
ecological indicator species represents 
others; that is, there is significant 
positive correlation in at least population 
trend (and possibly also size, distribu¬ 
tion, and persistence likelihoods) 
between the indicator species and other 
species 

• Indicator taxa are easier to locate 
and/or identify than indicated taxa 

• The number of species of indicator 
taxa serve as an index of the number of 
species of the indicated taxa 

• Locations of indicator taxa are highly 
correlated with locations of indicated 
taxa 

• Individual species can be identified in 
a given ecosystem and promoted in 
highly visible conservation programs 
that would entice positive interest and 
support by the general public 


Multiple Species 


Species that share some 
common attribute of 
resource use or ecological 
role defining the guild 
Species that share common 
usage of some macrohabitat 


• All species of a guild would respond 
in like manner to presence or changes 
in environmental conditions 

• If the macrohabitat is provided, the 
requirements of the entire habitat 
group of species will be met 
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Name of Approach 


Locations of target 
species at risk 


Species hot spots 
or concentrations 
of biodiversity 


Reserves or 
protected areas 


Description Main Assumptions 

• Species needs are mostly defined by 
the macrohabitat(s) they occupy 


Geographically Based Approaches 


Known site locations of 
species at risk, which can 
include federally listed, 
heritage ranked, regionally 
sensitive, and other species 


Global areas where a high 
number of endemic or other 
species are found in a rela¬ 
tively small geographic area 


Areas delineated to 
represent, complement, 
or otherwise efficiently 
include species and 
biodiversity elements 


• Managing for known locations of 
target species likely contributes to 
ensuring persistence of the species and 
viability of its populations 

• Known locations are where the 
organism finds suitable resources and 
habitat conferring local persistence 

• Lack of "protection" of such sites 
confers a high likelihood of adverse 
anthropogenic stress on the organism 
and its environment, leading to local 
extirpation 

• Such organisms have low resilience 
or resistance, and high sensitivity, to 
disturbance 

• Species' distributions are structured 
and nonrandom 

• Geographic patterns of species rich¬ 
ness covary among at least some taxa 

• Hot spots represent ecological 
communities and ecosystems and their 
persistence 

• Protecting such areas from specific 
human activities or disturbances will 
provide for species or system 
persistence 


Conservation of Individual Species Based 
on Concepts of Population Viability 

This approach entails developing a conservation strategy for a given geo¬ 
graphic area that incorporates quantitative or qualitative population viabil¬ 
ity analyses of the affected species. Such conservation strategies provide 
management guidelines based on an understanding of the life history, 
habitat needs, and factors that threaten the species. This usually includes 
recommendations for maintaining or restoring habitats necessary for var¬ 
ious life functions such as breeding, foraging, roosting, dispersal, and 
migration. It may also include guidelines for managing conditions that 
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would otherwise place a species at risk, such as discouraging the species' 
predators or competitors, or mitigating human disturbance factors 
(Holthausen et al. 1994). Such guidelines can take the form of designing 
reserves for particular species. 

Methods for quantifying population viability of target species have 
become common in the conservation biology literature (see review by 
Beissinger and McCullough 2002). Population viability is generally 
defined as the likelihood of population persistence over a specified time 
period, over a specific geographic area, and over a specified population size. 
Population viability is thus seen as a probabilistic event, and viability out¬ 
comes are cast as odds or likelihoods. Quantitative population viability 
models can be useful in comparing relative population growth rates among 
populations (Beissinger and Westphal 1998) and can provide insights into 
how environmental factors induce fluctuations in rates of reproduction, 
mortality, and growth (Burgman et al. 1993). 

A rather massive and relatively recent literature exists on metapopula¬ 
tion dynamics, modeling, demography, and viability evaluation of most 
taxonomic groups. This literature is, by definition, species-specific and 
based on autecological data or assumptions. Some examples include viabil¬ 
ity assessments of vascular plants (Satterthwaite et al. 2002), mollusks 
(Taylor et al. 2003), insects (Ranius 2000), fish (Ratner et al. 1997), reptiles 
(Doak et al. 1994), birds (Haig et al. 1993), and mammals (Armbruster and 
Lande 1993). 

A main assumption of the population viability approach is that enough 
is known about the ecology, dispersal and colonization dynamics, demog¬ 
raphy, and/or genetics of a species to reasonably predict future sizes of 
populations and distributions of organisms, from which probabilities of 
persistence (or, conversely, extinction) can be estimated. Another impor¬ 
tant assumption is that viability analyses are realistic enough to incorpo¬ 
rate and correctly represent the major factors influencing population size 
over time. Such factors include population isolation, fragmentation, and 
genetic diversity. 

In practice, conducting a formal population viability analysis (PVA) 
entails knowing a lot about autecology, including demography and popu¬ 
lation genetics. For example, viability of plant and animal populations 
might be affected by obligate, or strongly facultative, mutualistic relation¬ 
ships (e.g., pollination, mychorrizal associations), dispersal agents and 
mechanisms, hybridization and out-crossing with nontarget species, 
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episodic reproduction, and many other factors. Thus PVAs perform best 
with data-rich species. 

Formal PVAs have come under some recent criticism in the conserva¬ 
tion biology literature as the precision and performance of PVA models 
have been tested or compared. Like any modeling approach, PVAs may 
express the bias of the modeler (Brook 2000) and specific model structure 
(Pascual et al. 1997). Lindenmayer et al. (2000) tested the efficacy of the 
commercially available VORTEX PVA program to predict viability attrib¬ 
utes of three marsupials in Australia and concluded that the model pre¬ 
dicted reasonably well only when a rather unrealistic amount of detail was 
known about the spatial distribution and dynamics of habitat patches. 
They concluded that conservation biologists should proceed with caution 
when using PVA models to predict population responses in fragmented 
systems, even when the species is well known and has a relatively simple 
life history. We suggest that such caution would include disclosing key 
uncertainties regarding the species' habitat associations and population 
persistence estimates. 

Earlier "rules" regarding what constitutes viable populations have also 
been more recently viewed as too simplistic to rely on for real-world con¬ 
servation programs. One such early rule was the "50-500 rule" whereby 
populations were deemed to have short-term viability if they consisted of 
at least 50 individuals, and long-term with at least 500. These numbers 
have appeared in some earlier land planning and habitat management doc¬ 
uments. However, further scientific work suggested that they should apply 
to effective population sizes (of breeding individuals only, correcting over¬ 
all population size for various factors of distribution, variability in popula¬ 
tion size, dispersal, sex ratio, and other things). The 50-500 rule was actu¬ 
ally initially derived from laboratory-bred Drosophila (fruit flies) in 
controlled conditions and was based on minimal numbers of individuals 
needed to avoid genetic introgression or inbreeding depression. The "rule" 
is generally no longer used in real-world PVAs that typically entail esti¬ 
mating persistence or extinction likelihoods from population projections 
tailored to the life history of each species. 

In a similar way, early contentions that there exist minimum viable 
population (MVP) sizes (e.g., Reed et al. 1986) that can be discretely calcu¬ 
lated for a given species have also given way to more realistic projections 
of persistence likelihoods. The 50-500 rule was an early attempt at defin¬ 
ing a blanket MVP size. The concept of MVP originally arose in the con- 
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text of maintaining genetic diversity within a population and avoiding 
potentially deleterious effects of inbreeding depression. That is, an MVP is 
assumedly a size at or above which the population is secure from loss of 
genetic variation, and below which it is doomed to eventual extinction 
because of simplification of the gene pool caused by inbreeding depression, 
genetic drift, and related conditions. 

Correctly calculating effective population size is one of the steps in esti¬ 
mating the potential loss of genetic variation as resulting from inbreeding 
depression or genetic drift in small, isolated populations, and thus in esti¬ 
mating the minimum size of a population that still maintains its genetic 
variability over time. There is no standardized method for calculating effec¬ 
tive population size in all cases, and many variations exist (Waples 2002). 
Essentially, the main problem is that there are no fixed minimum popula¬ 
tion sizes below which a given species or population is doomed to extinc¬ 
tion and above which it is assured of persistence. Although it still occasion¬ 
ally appears (e.g., Wielgus 2002), MVP analysis has given way in the 
scientific literature to more species-specific probabilistic approaches where 
the focus is on quantifying the degree of viability (likelihoods of persist¬ 
ence) given specified conditions, time periods, and geographic extents. 

How well do PVAs perform in predicting population persistence? 
Clinchy et al. (2002) concluded, by using simulations, that recolonized 
habitat patches are often occupied ephemerally and thus that overall pop¬ 
ulation persistence will be overestimated if static or declining patterns of 
patch occupancy are mistakenly attributed to dynamically stable metapop¬ 
ulations. However, in a test of Australian treecreepers, McCarthy et al. 
(2000) reported that PVA models underestimated occupancy of habitat 
patches. 

Schiegg et al. (2005) tested the predictive accuracy of a stochastic, spa¬ 
tially explicit, individual-based population model of red-cockaded wood¬ 
peckers (Picoides borealis ) by comparing simulation results with field data 
on population dynamics. They reported that their population models per¬ 
formed well and were reliable but could be improved by further including 
dynamics of dispersal and colonization. Johnson (2005) tested a patch occu¬ 
pancy model of metapopulation response of a tropical beetle species to syn¬ 
chrony of disturbance (flooding), and concluded that a simpler logistic 
regression approach provided adequate predictability over a more compli¬ 
cated Monte Carlo modeling approach. 

McCarthy et al. (2000) used validation results to refine their initial 
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models, an iterative procedure and information source not usually avail¬ 
able in PVAs. McCarthy et al. (2001) also suggested using such an iterative 
process in modeling viability. In a similar vein, Foley (2000) recognized the 
uncertainty in PVA modeling and suggested using a sequential, empirical 
Bayesian approach in modeling population viability as new biological data 
are gathered on target species over time. 

Coulson et al. (2001) pointed out that PVA modeling cannot predict 
catastrophes, and this failure creates great imprecision in viability projec¬ 
tions. However, Brook et al.'s (2002) rebuttal to such criticism was that 
PVAs, despite their limitations, are still the most useful and complete 
methods for basing management on species demography. 

Wahlberg et al. (1996) presented a successful prediction of the patchy 
distribution of an endangered butterfly by using a spatially realistic 
metapopulation model, which included first-order effects of patch area and 
isolation on local extinction and colonization within habitat patches. They 
concluded that such a model has utility for study and conservation of 
species in highly fragmented landscapes. Brook et al. (2000) reported that 
PVA predictions were "surprisingly accurate" when five PVA programs 
were tested on animal data sets to predict quasi-extinction probabilities 
and population sizes (quasi extinction occurs when a population size falls 
below some specified nonzero level [Ginzburg et al. 1982]). Their meta¬ 
analysis suggested that when PVAs are conducted using detailed demo¬ 
graphic data and commercially available software, they can provide accu¬ 
rate and unbiased short-term projections of population viability. 

In summary, results of validating formal PVA approaches to date sug¬ 
gest that predictions of population trend and persistence likelihoods (espe¬ 
cially above some predefined quasi-extinction level) may be more accurate 
than predictions of time to extinction. The more detailed are the empirical 
data on biology and environmental conditions, the more accurate or pre¬ 
cise and reliable are the viability projections. In the absence of such data, 
the accuracy and precision of PVA predictions may be, at best, uncertain, 
but PVAs could still be used to compare management strategies (e.g., 
Raphael and Holthausen 2002). 

When data are lacking, as will be the case for little-known species, a 
"softer" population viability assessment approach may be used that relies 
more on expert judgment and qualitative ranking of potential stressor 
effects than it does on empirical data and modeling of population demo¬ 
graphics, genetics, and other factors. Several decision-modeling approaches 
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are applicable to data-poor situations, including use of Bayesian belief net¬ 
works to incorporate expert judgment for evaluating population viability 
(e.g., Raphael et al. 2001). Levels of confidence can be expressed in expert- 
based viability assessments, and various sources of uncertainty can be 
described using a variety of methods. However, few if any such expert- 
based assessments of population viability have been formally tested with 
field validation research and experiments. 

A twist to the formal PVA approach is in predicting level of viability or 
vulnerability of a species based on its general life history characteristics 
(Bernt-Erik and Bakke 2000). Some authors suggest that general life his¬ 
tory characteristics can tell a lot about viability of a species and its popula¬ 
tions (Verheyen et al. 2003). For example, the now-classic approach by 
Rabinowitz (1981) depicts rarity and potential viability risk of species 
according to their degree of habitat specificity, geographic extent, and local 
concentration (also see chap. 3). Some authors have integrated some life 
history characteristics into methods for ranking species vulnerability (e.g., 
Mace and Lande 1991). Other authors have used life history traits to pre¬ 
dict invasiveness of plants (Higgins and Richardson 1999), birds (Cassey 
2002), and other taxa. Davies et al. (2004) found that natural abundance 
and degree of specialization acted synergistically with beetle species so that 
rare and specialized beetles were especially vulnerable to extinction. They 
concluded that some combinations of traits increased vulnerability. 

However, some authors have found that life history traits by them¬ 
selves may be poor predictors of viability or risk levels of species (e.g., 
modeling validation analyses by Lehmkuhl et al. 2001; and simulation 
modeling by Wilcox and Possingham 2002) and therefore should be used 
with great caution. Several approaches have been proposed that explicitly 
incorporate uncertainty into ranking species vulnerability levels (e.g., 
Regan et al. 2000). 


Conservation of Surrogate Species 

This subcategory of species approaches is organized around the concept of 
surrogate species, where knowledge and conservation of one or a few 
species are presumed to provide for the needs of other species. This is a dif¬ 
ferent focus than species indicating some aspect of ecosystem status, which 
is discussed in chapter 7 as a systems approach. 
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The value of using surrogate species is to reduce complexity of analysis, 
to provide a better-organized framework for management direction, to 
make monitoring tasks realistic, and to provide a way to draw inference to 
other species that cannot feasibly be monitored directly (Caro and O'Do¬ 
herty 1999). The concept presumes that the surrogate species is one that is 
well known and easily sampled and provides a direct correlation with the 
species for which it is serving as surrogate. Surrogates are often relatively 
abundant species (Caro and O'Doherty 1999), but Warman et al. (2004) 
found some success in using rare Canadian species listed as threatened or 
endangered as surrogates to conserve terrestrial vertebrates. 

Categories of surrogate species proposed in the literature include 
umbrella species, focal species, guild surrogates, management indicator 
species, biodiversity indicator species, and flagship species. Strictly speak¬ 
ing, the assumption that one species can be a surrogate to and represent 
others is by definition false based on the concept of the niche (Hutchinson 
1978). Basic ecological theory says that each species is unique with respect 
to the environmental conditions occupied, its ecological role, and its 
resource-utilization functions. For this reason, no two species are entirely 
interchangeable or mutually replaceable (Caro et al. 2005). The surrogate 
species notion, however, is usually applied less stringently, looking at pat¬ 
terns of co-occurrence within some land area rather than niche overlap 
and, as such, the various categories of surrogate species explored here have 
varying degrees of utility, efficacy, and validity. 


Umbrella Species 

"Umbrella species" is a term that refers to a single species, typically a 
wide-ranging and widely distributed species, that represents the require¬ 
ments of a portion or all of a species assemblage or community. It is the 
use of species with extensive spatial distributions that sets this approach 
apart from other surrogate species such that its area of occupancy on the 
landscape physically encompasses the occurrence of other, less widely dis¬ 
tributed sympatric species (Caro and O'Doherty 1999). Suter et al. (2002) 
suggested that an umbrella species should have habitat requirements that 
are similar to those of other species, but that its range extent should be 
broader than other species it is intended to cover. The distinguishing, and 
often untested, assumption of the umbrella species approach is that satis- 
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fying conditions for the persistence of the umbrella species confers persist¬ 
ence to other co-occurring species of its biotic community. 

Umbrella species have been used in a variety of conservation assess¬ 
ments and management plans. Launer and Murphy (1994) used a threat¬ 
ened butterfly as an umbrella species for conservation of a threatened 
grassland ecosystem. In the U.S. Pacific Northwest, the northern spotted 
owl (, Strix occidentalis caurina ) has been used as an umbrella species to 
further conservation of a wide array of old-growth species and communi¬ 
ties. Invertebrates have been proposed both as umbrellas and as the bene¬ 
factors of the umbrella approach. New (2004) suggested using velvet 
worms (phylum Onychophora) as potential umbrella species for other soil 
macroarthropods, while Rubinoff (2001) examined how well a vertebrate 
insectivore, California gnatcatcher ( Polioptila californica), functioned as an 
umbrella for arthropods. 

Several authors have explicitly tested the umbrella species concept. 
Berger (1997) tested the efficacy of using black rhinos ( Diceros bicornis ) as 
an umbrella species for conservation of other desert ungulates in Namibia. 
The study found that the space used by black rhinos alone would be 
unlikely to assure the existence of other ungulate populations since rhinos 
did not use all ungulate habitats during all seasons and rainfall levels. Sim¬ 
ilarly, Rowland et al. (2006) compared the distribution of their umbrella 
species, greater sage-grouse ( Centrocercus urophasianus), to 39 other 
species also occurring as sagebrush obligates and found that their umbrella 
overlapped well for some species, such as the pygmy rabbit (Brachylagus 
idahoensis ) and poorly for others, such as the lark sparrow ( Chondestes 
grammacus). The poor overlap was again attributed to basic differences in 
habitat associations and overall geographic ranges. 

Some studies have specifically looked at the value of rare species as 
umbrellas. In a test of the "umbrella effect" attributed to endemic and 
threatened bird species in South Africa and Lesotho, Bonn et al. (2002) 
found that a reserve network designed for these umbrella species may be 
insufficient to preserve overall species diversity. 

The absence of strong evidence supporting the umbrella species 
approach across this admittedly small subset of studies is not atypical. In 
reviews of the umbrella species concept, Andelman and Fagan (2000), 
along with Roberge and Angelstam (2004), concluded that umbrella 
species too seldom overlap with other species of interest and rarely work 
to protect all species in the area of conservation concern. 
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Evidence of success in using the umbrella species concept is not 
completely absent in the literature. Bani et al. (2006) found that birds 
selected according to their sensitivity to habitat patch isolation, patch size, 
edge effect, and habitat structure were effective as umbrellas for other co¬ 
occurring birds. Similarly, Rondinini and Boitani (2006) found that 
amphibians and mammals (1654 species) together served as effective 
umbrellas for most species in the other taxa, and that developing reserves 
based on suitable habitat areas rather than overall distribution ranges 
improved the utility of one taxon serving as an umbrella for the other. 
Finally, Poiani et al. (2001) tested the umbrella species approach to conser¬ 
vation of natural grassland habitats in Minnesota using greater prairie 
chicken (Tympanuchus cupido pinnatus ) as the umbrella species. They 
found that the umbrella species approach functioned well when used in 
conjunction with a conservation approach that also considered conserva¬ 
tion of the largest native habitat patches. The combination of umbrella and 
habitat size criteria provided for greater conservation benefits than did 
either approach alone. Favorable evaluations of the umbrella species 
approach appear to be related to studies that have defined several (as 
opposed to a single) umbrella species, or have used the umbrella concept in 
combination with other conservation approaches. 


Focal Species 

"Focal species" refers to a set of target species that are identified for the 
purpose of guiding management of environments, habitats, and landscape 
elements in a tractable way. The Committee of Scientists (1999) defined a 
focal species as a species whose measurement provides substantial infor¬ 
mation beyond its own status. The key aspect of the focal species concept, 
at least as it relates to species conservation approaches, is that the distribu¬ 
tion and abundance of focal species provide inference on the status of other 
species. Clearly the focal and umbrella species approaches are similar. What 
sets them apart is that focal species are defined using a variety of ecologi¬ 
cal attributes and are not constrained by the strong focus of umbrella 
species selection on species with large area requirements. 

The seminal work on defining focal species has been attributed to Lam- 
beck (1997). He defined focal species as those that are resource, area, or dis¬ 
persal limited, and that respond to similar stressors. Moreover, focal species 
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are a strict subset of the total species pool present in a landscape, and they 
possess the most stringent requirements. For example, focal species can be 
those whose distribution is restricted by specific disturbance events such as 
fire, who require the largest habitat patch sizes or landscape areas, and 
whose dispersal requirements are most limiting. In this way, the set of 
focal species should be those whose requirements collectively encompass 
the needs of all other species. 

In addition to the common assumption for all surrogate approaches (i.e., 
reflecting the ecology of other species), the focal species approach assumes 
that a greater degree of such representation can be attained if the focal 
species has stringent requirements of resource use and dispersal capability. 
This characteristic assumption has received relatively little empirical test¬ 
ing among a variety of ecosystems. 

There are many examples where focal species have been used to guide 
biodiversity conservation on public or private land. In Australia, Watson et 
al. (2001) used Lambeck's (1997) focal species approach to identify species 
that were sensitive to woodland fragmentation stressors in southeastern 
Australia. They identified a set of focal species based on those with the 
most restrictive requirements for minimum habitat patch size, habitat 
structural complexity, and habitat connectivity across the landscape. They 
concluded that the focal species approach was effective for efficiently 
developing landscape planning guidelines for woodland birds—noting that 
95% of the resident woodland bird species in the region should be accom¬ 
modated. However, they did not explicitly test this assertion with actual 
field trials and follow-on research. 

Other authors have used the focal species approach to derive landscape 
designs. Snaith and Beazley (2002) used moose (.Alces alces ) as a focal 
species to derive a reserve design in Nova Scotia, Canada. Bani et al. (2002) 
proposed using the focal species approach to plan woodland ecological net¬ 
works in Italy based on their central assumption that focal species encom¬ 
pass the structural and functional needs of entire ecological communities. 
They developed maps of habitat core areas and connections for their set of 
focal species. However, they did not explicitly test their main assumption. 

Several authors have tested or reviewed the assumptions of the focal 
species approach. Rothley (2002) found that detailed descriptions of focal 
species and their conservation interests were needed to resolve conflicts 
among objectives. Lindenmayer et al. (2002) suggested that the underlying 
theoretical basis of the focal species approach is problematic, citing the lim- 
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ited utility of surrogate-species approaches in general. They also found 
that lack of data guiding selection of focal species sets is often a problem 
for practical implementation. They suggested using a mix of strategies in 
any given landscape to spread the risk of failure of any one approach. They 
cautioned that resource managers should be aware that the focal species 
approach might not result in the conservation of all biota in a landscape. In 
this spirit, Noss et al. (2002) used three complementary approaches—pro¬ 
tecting special elements, representing environmental variation, and secur¬ 
ing habitat for focal species—to identifying highest-priority "megasites" 
for conservation in the Greater Yellowstone Ecosystem. 

Although the focal species concept has a foundation in the ecological lit¬ 
erature, the varied criteria that can be used to define them has led to a 
diverse set of applications and considerable equivocation on the expected 
conservation benefits. For this reason it should not be surprising that some 
have cautioned against relying too heavily on the focal species approach to 
biodiversity conservation (Campbell et al. 2002). Confidence in this 
approach will remain reserved until more extensive testing has occurred. 


Guild Surrogates 

The guild surrogate approach entails one member or a subset of members 
serving as a surrogate for other members of the guild. It differs from an 
umbrella or focal species in that the surrogacy effect is restricted to guild 
members. Strictly speaking, the term "guild," as originated by Root 
(1967), refers to a set of species having a common diet and foraging mode. 
However, many other authors have appropriated and greatly extended the 
term to mean a set of species that share virtually anything in common, 
including habitat association, behavior, trophic orientation, diet, or 
resource selection patterns. We use this broader definition in our discus¬ 
sion of the guild surrogate species approach. 

The main assumption of the guild approach is that the response of one 
member (or a small subset of members) to environmental conditions or 
changes is closely correlated with the response of all guild members. A 
corollary is that changes in environmental conditions affecting one or a 
subset of a guild would affect the other members in the same way. Conse¬ 
quently, population responses are expected to be similar in direction if not 
in magnitude—that is, significantly positively correlated. 
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In general, wildlife-habitat relationships databases can be used to gen¬ 
erate lists of species sharing common attributes (Patton 1992). Any such 
list can be thought of as a guild in this broader sense of the term. Overall, 
the literature suggests that (1) correctly placing species into guilds that are 
assumed to contain species with similar ecological characteristics may 
necessitate detailed autecological, including behavioral, information; (2) 
guilds can be structured by a wide variety of mechanisms, including inter¬ 
specific resource competition (mechanisms of resource and habitat overlap 
and partitioning) and common response to general habitat structure, but 
no one mechanism operates invariantly across all guilds; and (3) often, and 
even if guilds are defined based on detailed autecological information, 
guilds tend to consist of species that have disparate responses to changes in 
environmental and habitat conditions. Therefore, identifying guilds may 
require much ecological information, likely not available for RLK species. 

In a study that sought to test the guild surrogate approach among bird 
communities, Block et al. (1987) concluded that one species of a guild does 
not represent the habitat specificity and population patterns of other 
members. Mannan et al. (1984) and Morrison et al. (2006) noted that indi¬ 
vidual species of a guild respond differently to changing environmental 
conditions, whereas the guild as a whole shows little or no variation in its 
presence, total species richness, or abundance. Morrison et al. (2006) con¬ 
cluded that grouping species into guilds may be useful for depicting species 
with similar functions or trophic relations, but the guild approach to man¬ 
agement may not be useful for specifically predicting responses of individ¬ 
ual species to environmental conditions and changes. 

Based on these empirical tests, using guilds to predict common 
responses among all component species to environmental changes and 
management activities may not have a strong scientific foundation. Some 
have suggested that the lessons learned from the guild surrogate failures 
point to treating the entire guild as the response unit for management and 
monitoring—such an approach is discussed under the multiple species 
approaches. 


Management Indicator Species 

"Management indicator species" (MIS) is a broad term that has been used 
by the U.S. Department of Agriculture (USDA) Forest Service in its plan- 
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ning regulations for national forest and national grassland management. 
"MIS" refers to any species or set of species of management or conserva¬ 
tion concern, and can include federally listed species; species with special 
habitat needs; species that are hunted, fished, or trapped; species of special 
interest; and species for which population changes are presumed to reflect 
the status of other species (R. Holthausen, pers. comm.). MIS have been 
used in U.S. national forest planning since the 1980s. For example, north¬ 
ern flying squirrels (Glaucomys sabrinus ) have been used as a manage¬ 
ment indicator species of temperate rain forest (Smith et al. 2005). 
Milledge et al. (1991) suggested use of large owls and gliders as MIS in ash 
forests of Victoria, Australia. 

For U.S. federal land management, habitat objectives are typically estab¬ 
lished for MIS, planning alternatives are evaluated based on their effects 
on MIS, and population trends of MIS are monitored and relations to habi¬ 
tat changes determined. It is difficult to derive a simple set of assumptions 
about the use of MIS, other than the following: a set of species chosen as 
MIS somehow represent the array of management issues, conditions, 
objectives, and conservation concerns. When used strictly to reflect the sta¬ 
tus of other species, a major assumption of the management indicator 
species approach is that the population status and trend of one species can 
represent others; that is, there is significant positive correlation in at least 
population trend (and possibly also size, distribution, and persistence like¬ 
lihoods) between the indicator species and other species. 

Niemi et al. (1997) examined the distribution of birds proposed as 
"management indicators" or "sensitive" species in a national forest in Wis¬ 
consin. They found that few bird species were consistently associated with 
habitats for which they were deemed to be indicators, and few sensitive 
species were positively or negatively associated with other species. Also, 
they found that most MIS were either too rare or too difficult to practi¬ 
cally monitor. 


Biodiversity Indicator Species 

Biodiversity indicator species are single species or taxonomic groups used to 
identify areas of high species diversity or of high biological productivity 
(Caro and O'Doherty 1999). We extend the definition here to include rela¬ 
tively common species that are used to identify locations of rare species. 
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Kintsch and Urban (2002) tested the value of more common indicator 
plant species as predictors of the occurrence of rare plant species in the 
Amphibolite Mountains of North Carolina. (They termed these indicators 
focal species, but we believe they are more properly referred to as biodi¬ 
versity indicators.) The indicators proved successful in predicting occur¬ 
rences of the rare species, with 62 to 100% of the rare species locations 
predicted by the occurrence of the indicator species. However, there were 
also overprediction rates as high as 275%. 

Fleishman et al. (2000, 2001) tested the value of a set of criteria that 
could be used to select biodiversity indicators. (They termed these species 
umbrellas, but again they seem better described as biodiversity indicators.) 
In one test Fleishman et al. (2000) used these criteria to identify two but¬ 
terfly species as indicators of other butterflies. They found that protection 
of canyons where the two species occurred wordd protect sites of 97% of all 
other butterfly species. In a second test (Fleishman et al. 2001) they used 
the same criteria to select biodiversity indicators for both plant species and 
butterfly species in California and Ohio. Again they found that protection 
of sites of the indicators would protect a large proportion of sites for most 
other species within the same taxonomic group, and that protecting sites 
with the umbrella species was more efficient (few sites needed) than pro¬ 
tecting random sites. They also tested the effectiveness of the indicators for 
cross-taxonomic protection. Here they found that the indicators were no 
more effective than random sites for cross-taxonomic protection. 

Butchart et al. (2006) and Quayle and Ramsay (2006) suggested using 
trends in conservation status of species as indicators of biodiversity condi¬ 
tions. This approach would use selected species with particular trends in dis¬ 
tribution or abundance as indexes to overall biodiversity conditions but 
would not necessarily extend reliable inference to individual species, particu¬ 
larly rare or little-known species. Oertli et al. (2005) tested the overlap in dis¬ 
tribution of bees, grasshoppers, and wasps in the Swiss Alps and determined 
that none of the test taxa reflected species richness or community similarity 
of the other taxa well enough to be used as biodiversity indicator species. 


Flagship Species 

Flagship species are those that carry high public interest and garner social 
or cultural concern for their well-being. They are rallying points for con- 


Chapter 6. Species-Level Strategies for Conserving Rare Species 143 


servation of broader ecological communities and systems (Walpole and 
Leader-Williams 2002). The main assumption of the flagship species 
approach is that individual species can be identified in a given ecosystem 
and promoted in highly visible conservation programs that would entice 
positive interest and support by the general public. Flagships are often 
claimed to have surrogacy benefits, but their distinction is in being able to 
elicit strong public support for conservation (Caro and O'Doherty 1999). 

Examples of flagship species include the northern spotted owl, grizzly 
bear ( Ursus arctos horribilis), bald eagle ( Haliaeetus leucocephalus), and 
tiger ( Panthera tigris), and in southern Africa the "Big Five"—African ele¬ 
phant ( Loxodonta africana), leopard (P. pardus ), lion (P. leo), African buf¬ 
falo ( Syncerus caffer), and rhino ( Diceros bicornis or Ceratotherium 
simum ) are touted as such in many African ecotourism and conservation 
activities. In India, entire national conservation programs have been 
founded on flagship species, including Project Tiger and more recently 
Project Elephant, the latter for the Asian elephant ( Elephas maximus). 
Clark et al. (2003) proposed using Baird's tapir ( Tapirus bairdii) as a flag¬ 
ship species in Costa Rica in an interdisciplinary approach to resolve ques¬ 
tions about conservation policies entailing reasonableness, political practi¬ 
cality, and moral justification. 

In summary, flagship species are used to rally conservation support. 
They are useful for spurring social concern and public interest for conser¬ 
vation, usually of large-bodied, charismatic species (usually birds or mam¬ 
mals) and their habitats. They might also be useful for educating the pub¬ 
lic about broader concerns for ecosystem health. For example, in a general 
news article on primate conservation, the Canadian Broadcasting Corpora¬ 
tion reported that "Primates act as a flagship species that indicate the 
health of their surrounding ecosystem" (CBC 2002). To indicate or include 
conservation of RLK species, flagship species may be useful to initially gar¬ 
ner some general protection of habitats or geographic locations. 

However, relying on flagships to fully provide for all RLK species may 
produce some of the same problems as experienced with other surrogate 
approaches: lack of specificity of resources, environmental conditions, and 
habitats selected by the RLK species; lack of assurance that sites used by 
RLK species will be protected; and lack of assurance that natural distur¬ 
bances and human activities will not harm RLK species. Flagships may 
generally not serve as reliable indicators of other species, particularly RLK 
species. Further, many of the species identified in the literature as umbrella 
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species, focal species, or management indicator species might be better 
thought of as flagship species. That is, the motivation for choosing them 
has large elements of public concern rather than ecological representation 
or sensitivity to environmental change. 


Conservation of Multiple Species 

In this variant of the species approach, the aim is to ensure the viability or 
continuance of multiple species as an assemblage or selected subset of the 
ecological community. The two main categories pertinent to this are the 
use of entire guilds and the use of entire habitat groups. 


Entire Guilds 

As defined in the "Guild Surrogate" section, a guild is a set of species that 
share some common attribute of resource use or ecological role. In the 
entire guild approach, the focus is not on a species selected to represent the 
rest of the guild, but rather on all species of the guild. The guild as a whole 
becomes the response that is managed and monitored to determine the 
success or failure of conservation management. The main assumption of 
the entire guild approach is that conservation of all guild members can be 
judged by monitoring the total number of individuals making up the guild. 
One of the strengths of this approach is derived from pooling the counts 
from all guild member species, thus increasing the resource manager's 
power to detect trends in the guild as a whole (Verner 1984). 

Entire guilds have been used for assessing habitat disturbance effects 
and, in some cases, guiding management. For example, federal land resource 
managers have used guilds of avian cavity excavators and Neotropical 
migrants as a means of focusing forest and grassland management for all 
species of these guilds. Knopf et al. (1988) studied the effects of seasonal cat¬ 
tle grazing on the guild structure of a riparian avifauna. Maurer et al. 
(1981) studied effects of logging on the guild structure of a forest bird com¬ 
munity in West Virginia. Rewa and Michael (1984) used habitat evaluation 
procedures (HEPs) to assess habitat values of wildlife guilds. O'Connell et 
al. (2000) used 16 bird guilds based on their behavioral and physiological 
response as indicators of ecological conditions in the central Appalachians. 
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However, few studies have tested the basic assumption that the status of 
all members of a guild could be used to infer the conservation status of 
guild members, and that conditions providing for or affecting the guild as a 
whole would equally influence all members of the guild. Steffan-Dewenter 
et al. (2002) observed that the correlation of various bee pollinator guilds 
with landscape attributes varied depending on the scale of the analysis. 
They reported that disruption of local landscape attributes affected solitary 
wild bees more than social bees. 

Lopez et al. (2002) reported that guilds of wetland plant species 
responded differentially to changes in landscape habitat attributes. In their 
detailed study of ungulates in East and Southern Africa, Fritz et al. (2002) 
identified a series of herbivore guilds based on their common trophic rela¬ 
tions and responses to environmental variations. They discovered that the 
guilds respond differently to competitive interaction with large herbivores 
and to soil and climatic factors. 

In a Brazilian Atlantic rainforest, Aleixo (1999) found that forest bird 
guilds delineated on the basis of foraging behavior were similar in species 
richness and diversity but strongly differed in species composition 
between primary and selectively logged forest, and that within guilds, 
understory and terrestrial insectivore birds were most sensitive to habitat 
changes. Bishop and Myers (2005) determined that there are tight associ¬ 
ations among bird species with common primary habitat, area sensitivity, 
migratory status, and nest placement, and that species so grouped could 
serve usefully to identify areas of high bird species richness as candidate 
areas for conservation. 

The lesson, like the individual-species indicator approach to the use of 
guilds (discussed earlier), is that species within a guild typically respond 
differently to environmental change, particularly anthropogenic stressors. 
Thus, even if a guild as a whole remains unchanged or shows some group 
responses, one cannot assert generally that this response pertains to each 
component species of the guild. 


Entire Habitat Assemblages 

In the entire habitat assemblage approach, species are identified that 
belong to a habitat group; that is, they share common usage of some 
macrohabitat, such as a general vegetation type and vegetation structural 
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or successional stage. The approach focuses on providing for these macro¬ 
habitat types under the assumption that if the macrohabitat is provided, 
the requirements of the entire habitat group of species will be met. Implicit 
in this approach is the assumption that species needs are mostly defined by 
the macrohabitat (s) they occupy. It is distinguished from the entire guild 
approach in that this approach focuses on monitoring macrohabitat status 
rather than monitoring species. 

A major effort to identify and evaluate entire habitat groups has been 
the "source habitats" analysis by Wisdom et al. (2000) for the interior 
Columbia River basin. Source habitats of terrestrial vertebrate species, as 
analyzed in this study, are primarily vegetation conditions that assumedly 
provide for the requirements of the organisms. In other analyses, Fauth et 
al. (2000) modeled landscape patterns to identify source habitats of 
Neotropical migrants in the U.S. Midwest, and Dyer et al. (2001) explored 
definitions of functional groups (see later discussion) of plants based on 
their source habitats and growing conditions. 

The validity of the basic underlying assumptions to the entire habitat 
group approach has not been explicitly tested in the field and reported in 
the literature. Many approaches to depicting and researching 
wildlife-habitat relationships suggest, however, that habitat is defined for 
each species individually and with multiple parameters at various scales of 
space and time, including at macro- as well as microhabitat levels. 

However, for habitats that are discrete and highly limited geographi¬ 
cally, such as caves, ocean-floor thermal vents, vernal pools, and thermal 
hot springs, the tenet underlying this approach may be entirely valid. That 
is, conserving such extreme and isolated habitats may conserve its full 
biota, including RLK species. 


Geographically Based Approaches 

A common strategy used to conserve species, regardless of their degree of 
commonness or rarity, is to establish management areas (e.g., parks, 
reserves, refuges) where the overarching objective is the protection or 
restoration of natural conditions and biological diversity (Beazley et al. 
2005). Numerous approaches now exist to assist conservation scientists in 
the identification and prioritization of areas that should be the focus of 
resource management. A characteristic common to these approaches is that 
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they are geographically explicit—that is, all lead ultimately to the delin¬ 
eation of geographic areas on the landscape that warrant conservation 
focus. Furthermore, all are based on the key assumption that by managing 
the delineated areas appropriately, the species, their biophysical environ¬ 
ments, and the ecological system's characteristic processes will be pre¬ 
served (Flather et al. 1997). 

Three broad classes of geographically based approaches may be described: 

(1) approaches based on management for locations of target species at risk, 

(2) approaches that focus on the identification of so-called hot spots or cen¬ 
ters of concentration of rare species, and (3) approaches based on reserves or 
protected areas established for biodiversity conservation. The difference 
among the categories is often subtle, and membership in each category is not 
necessarily mutually exclusive. Often, geographically based approaches are 
applied at a coarse scale with the intent of identifying broad geographic areas 
that compel conservationists to take a finer-scale examination of the biodi¬ 
versity pattern within these areas (Shriner et al. 2006). 


Locations of Target Species at Risk 

Management for locations of target species at risk refers to providing 
guidelines for protecting sites known to be occupied by individuals of a 
species deemed to be at risk. This is the basic concept behind the Survey 
and Manage species program of the Forest Service and the U.S. Depart¬ 
ment of the Interior Bureau of Land Management in the Pacific Northwest 
(Molina et al. 2006). In that program, locations of target species have been 
the basis of local protection and "known site surveys" in the Survey and 
Manage species program of the interagency Northwest Forest Plan (see 
chap. 4). This approach differs from the PVA approach in that the PVA 
approach entails modeling population demography or genetics, whereas 
managing for locations of target species at risk does not and is based pri¬ 
marily on known occupancy patterns. 

The main tenet of this approach is that managing for known locations 
of target species contributes to ensuring persistence of the species. That is, 
it is presumed that known locations are where the organism finds suitable 
resources and habitat conferring local persistence. This is an important 
assumption because management guidelines for sustaining the species will 
focus on sustaining habitats where the species is known to occur. In gen- 
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eral, the validity of this assumption is largely untested and unknown for 
many of the rare and little-known taxa. 

This presents two potential problems. First, if known locations represent 
suboptimal habitat, managing to sustain these habitats may do little to 
sustain the species. Second, even if locations where the species currently 
occur do, in fact, represent optimal habitat, simply protecting these loca¬ 
tions may not sustain the habitat—an understanding of the processes 
behind habitat formation is required (Everett and Lehmkuhl 1999; Ferrier 
2002). Sustaining habitats then becomes linked with restoring various nat¬ 
ural disturbance regimes (see chap. 7). 

For RLK species of fungi, cryptogams, vascular plants, and invertebrates, 
this approach may rely on site location information stored in State Heritage 
Program databases and other agency location data. The approach thus relies 
on the completeness, accuracy, and recency of such location data; on being 
able to identify land-disturbing management activities to be avoided at each 
location; and on an appropriate protection buffer around each location 
(Aubry and Lewis 2003). Unfortunately, species databases are often incom¬ 
plete for many taxa, extremely sparse for many regions, and characterized 
by survey biases toward easily accessible sites (Ferrier 2002). Although 
managing for locations of target species at risk can be a critical component 
of planning, such data are lacking for many if not most RLK species. 


Species "Hot Spots" or Concentrations of Biodiversity 

Distributions of plant and animal species are inherently heterogeneous. 
One manifestation of this heterogeneity is that some areas (whether 
examined at a global, continental, regional, or local scale) support more 
species than other areas. This pattern is observed whether one is counting 
(or estimating) all species that occur within some locale, or is counting a 
subset of species that share some attribute of conservation interest (e.g., 
rare species, threatened species, or endemic species). Given spatial struc¬ 
ture in species' distributions, resource managers are faced with deciding 
which geographic areas should be the focus for biodiversity conservation. 

The term "hot spot" was coined by Myers (1989) to denote those global 
areas where a high number of endemic species were found in a relatively 
small geographic area. Myers argued that greater conservation benefits 
could be realized if efforts were focused in those areas where endemics 
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were concentrated—that is, the hot spots. Since Myers' specific usage with 
endemism, the term "hot spot" has become generalized to refer to an area, 
or set of areas, that ranks high on any number of ecosystem attributes, 
including species richness (Scott et al. 1993), threatened or endangered 
species (Flather et al. 1998), imperiled species (Chaplin et al. 2000), or indi¬ 
cators of ecosystem condition (Hof et al. 1999). 

The concepts underlying hot spot analysis have been implemented in 
the United States under an approach generally referred to as gap analysis 
(Burley 1988). Gap analysis uses cartographic techniques to identify 
underrepresented elements of biodiversity in an existing network of pro¬ 
tected areas—that is, hot spots that lie outside existing protected areas. As 
described by Scott et al. (1993), in gap analysis vegetation maps and ani¬ 
mal distributions are used to determine if vegetation types are inade¬ 
quately represented within protected areas, or if centers of species richness 
fall outside such areas currently managed to conserve biodiversity. Those 
areas of vegetation types or high species richness that fall outside the 
existing conservation network thus define the geographic areas that could 
be considered for future conservation efforts. 

The appeal of mapping the occurrence pattern of plants and animals as 
a way of setting conservation priorities is derived largely from the simplic¬ 
ity of the approach. This simplicity, however, belies an important con¬ 
straint associated with this approach—distributional data for most taxa are 
incomplete or unavailable (Ferrier 2002). One means of overcoming this 
data constraint is to assume that the diversity pattern of relatively well 
studied taxa indicate the pattern among other taxonomic groups (Reid 
1998). Although there is some evidence that the geographic pattern of 
species richness covary among some taxa, this pattern is certainly not gen¬ 
erally true. Empirical evidence to date cautions conservation planners 
against using hot spots for a few taxa to indicate where the overall diver¬ 
sity hot spots would occur if we had taxonomically comprehensive and 
spatially extensive inventories (Flather et al. 1997). 

Another consideration in mapping hot spots or centers of concentration 
of any set of species is errors in species occurrence. This is particularly 
important with some RLK species that may be difficult to detect and thus 
may appear absent in seemingly suitable habitat (see chap. 5 for further dis¬ 
cussion of detectability). Since such errors apply to each species, the over¬ 
laying of individual species occurrence maps can cause these errors to com¬ 
pound (Dean et al. 1997), leading to suboptimal conservation decisions 


150 CONSERVATION OF RARE OR LITTLE-KNOWN SPECIES 


(Conroy and Noon 1996). Also, areas of high species richness might repre¬ 
sent ecotones where edges of species' ranges meet, rather than more opti¬ 
mal conditions toward the center of species' ranges and ecosystems (Araujo 
and Williams 2001). Thus focusing conservation on those hot spots might 
overlook conservation of optimal habitat conditions for some species. 

Apart from the problems associated with the hot spot approach caused 
by limited distributional data and locational errors, there is also concern 
that hot spot analysis focuses too much on ecological pattern at the 
expense of the ecological processes that have generated the pattern. This 
could be a problem insofar as conservation of a specific pattern would fail 
to provide for the future dynamics of the processes, such as future wild¬ 
fires, that would produce mosaics of vegetation age classes outside of cur¬ 
rent locations of such mosaics. As currently applied, hot spot analysis 
implicitly assumes that geographic delineation of areas based on patterns 
of species occurrence will also "capture" the important processes that have 
caused, and will presumably maintain, that pattern. However, theoretical 
and empirical support for this assumption is weak (McNeely 1994). 

A final limitation of the hot spot approach is that it often focuses on 
counts of species rather than species composition. Because areas that rank 
high on species counts may share many species, the typical hot spot analy¬ 
sis does not permit the teasing out of the relative contribution of each area 
to the preservation of some overall species pool. Consequently, it does not 
necessarily follow that conservation priority should always be given to the 
most species-rich areas. A solution to this problem is to consider measures 
that take into account how completely the species pool within a geographic 
area is represented within a reserve system (Vane-Wright et al. 1991). 
Over the last couple of decades, a number of methods have been developed 
that attempt to efficiently (greatest conservation benefit for the least cost) 
identify priority conservation areas (Margules and Pressey 2000). These 
approaches are the subject of the next section. 


Reserves or Protected Areas Established 
for Biodiversity Conservation 

One of the next great challenges for conservation science is the design and 
implementation of comprehensive and ecologically adequate reserve net¬ 
works (Ferrier 2002). Although reserves have been used to address sys- 
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temwide conservation needs, they are often created for one or a few species 
that are commonly RLK or in peril. We have considered reserves in this 
species context and discuss reserves as a species-level strategy rather than 
as one of the system-level strategies that are reviewed in chapter 7. World¬ 
wide, the proportion of land that is strictly managed for the conservation 
of biological diversity is small—about 3% of the terrestrial land base 
(McNeely 1994). 

Because conservation reserve areas are rare (at least in areal extent) and 
human impacts on natural ecosystems are increasing, there is a growing 
realization that the choice should be optimal when there are alternatives 
on where to locate reserve lands (Flather et al. 2002). A major assumption 
of the reserve or protected area approach is that protecting such areas from 
specific human activities or disturbances will provide for species or system 
persistence over time. In this approach, it is important to clarify specifically 
what "protection" refers to; that is, what elements or aspects of ecological 
communities and ecosystems are to be protected, and what conditions or 
(usually anthropogenic) stressors they are to be protected from. Most of 
the literature on protected area approaches, however, fails to specify or 
clarify these basic criteria. 

Much of the recent literature on optimal reserve designs has focused on 
species assemblages. As such, the metric of interest concerns a collection of 
species and often attempts to maximize the number of different species 
that are conserved within some fixed or minimal area or set of areas (e.g., 
Camm et al. 1996). However, the reserve design problem also has impor¬ 
tant aspects that are focused on the conservation of individual species. The 
establishment of wildlife refuges in the United States has often been tied 
directly to conservation of a single species. Moreover, reserve design crite¬ 
ria for a single target species of conservation concern, such as the black¬ 
footed ferret (Mustela nigripes ) (Bevers et al. 1997), have been used to 
address resource management conflicts on lands managed for multiple 
uses. Reserve designs for single species often consider how population via¬ 
bility varies as a function of habitat size and layout (Hof and Flather 1996), 
and often account for metapopulation dynamics (Holloway et al. 2003). 

Early reserve design principles directed at the conservation of species 
assemblages were derived largely from the equilibrium theory of island 
biogeography (MacArthur and Wilson 1967), where the number of species 
expected to be supported on an island or habitat patch is predicted by the 
interplay between colonization and extinction rates. Key design principles 
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ostensibly derived from this theory can be summarized as follows: (1) a 
single large reserve is better than several small ones of equal total area (the 
so-called SLOSS [single large or several small] debate); (2) reserve shapes 
that are compact are better than those that are convoluted or elongated; (3) 
multiple reserves that are close together are better than multiple reserves 
that are far apart; and (4) reserve units that are connected via corridors are 
better than reserve units that are isolated (Wilson and Willis 1975, 529). 
However, the SLOSS debate may have revealed that none of these princi¬ 
ples followed strictly from the theory of island biogeography, and that 
most are empirically untrue in many of the archipelagoes and reserve sys¬ 
tems for which there are adequate data, although these design rules live on 
(J. Quinn, pers. comm.). 

The applicability of these reserve design recommendations based on 
island-biogeographic principles has been questioned for a number of rea¬ 
sons, including unrealistic simplifying assumptions and the inability to 
track species identity. Island-biogeographic design recommendations 
assume that habitat is identical from place to place—an assumption that 
will never be met in practice (Soule and Simberloff 1986). Habitats vary 
spatially and this heterogeneity almost certainly accounts for the fact that 
many empirical studies have found that species counts from several dis¬ 
persed sites are at least as large as counts from a single contiguous site of 
equal total area (Simberloff 1998). Island biogeography theory predicts the 
number of species that could be supported in habitat of a certain size. It 
does not predict the identity of those species. For this reason, it is not pos¬ 
sible to predict the total number of species in a complex of multiple habi¬ 
tat patches because the number of species shared among units is indeter¬ 
minate. More contemporary reserve selection algorithms that explicitly 
account for spatial variation in habitat and species composition address 
these two shortcomings (Higgs and Usher 1980). 

The reserve selection problem can be simply stated as a question: How 
do we best locate reserve units on the landscape such that they contain the 
greatest number of biodiversity elements as possible (Pressey et al. 1993)? 
Three concepts have emerged as key in addressing that problem: represen¬ 
tativeness, complementarity, and efficiency (for reviews see Margules and 
Pressey 2000; Sarkar et al. 2006). Under the concept of representativeness, 
conservation is focused on ensuring that some target set of species are ade¬ 
quately addressed in the conservation plan. The concept of complementar¬ 
ity is closely related to representativeness and measures the gain in new 
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species that receive coverage as individual reserve units are added to an 
existing or candidate reserve network. The notion of efficiency is impor¬ 
tant because it recognizes that resources available to conservation efforts 
are limited, and therefore reserve designs need to maximize representation 
for the least cost. These concepts have emerged as important reserve design 
principles since scoring procedures that rank conservation priority based 
on simple counts of biodiversity elements (e.g., species hot spots) may rank 
areas with high counts as having high conservation priority even if many 
of the species are shared among the reserve units making up the network. 

Although the literature is characterized by what may seem to be an 
overwhelming variety of reserve selection algorithms, the approaches do 
fall into two broad classes—those that define reserve networks based on 
iterative or stepwise algorithms, and those that are based on optimization 
techniques from operations research. Both approaches generally attempt 
to define the set of reserve units that will meet the biodiversity targets 
(e.g., occurrence of all species, rare species, or endemic species at least n 
times in the reserve network) for the minimum amount of total reserve 
area or reserve acquisition cost. They differ fundamentally in that iterative 
procedures are often referred to as heuristic since they can only approxi¬ 
mate a maximally efficient design (Underhill 1994); operations research 
approaches do prescribe a truly optimal design. 

The literature is dominated by heuristic reserve design algorithms (for 
review see Williams 1998) and their frequent use is related to the fact that 
they are intuitive and simple, they seem to be applicable to a broad and 
realistic set of conservation problems, and they seem to provide reasonably 
good solutions when compared to optimization approaches (Pressey et al. 
1997). Attempts to use optimization methods sometimes fail or take too 
long to solve reserve selection problems, although this limitation may be 
overcome by creative formulation or software advances (see Rodrigues and 
Gaston 2002). 

Since we are primarily concerned with RLK species, a logical question is 
how well reserve selection algorithms perform if rarity, rather than simple 
richness, is the biodiversity element of interest. A few investigators have 
compared the relative efficiency of simple richness-based algorithms with 
rarity-based algorithms. They found that rarity-based algorithms tended 
to be more efficient at finding the minimum reserve area necessary to rep¬ 
resent all species at least once (Kershaw et al. 1994). However, this finding 
is hardly general (Csuti et al. 1997) and appears to be contingent on the 
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size of the species pool, scale (i.e., size of individual reserve selection units), 
and degree of species endemism (Rodrigues and Gaston 2001). Conse¬ 
quently, differences in efficiency between richness- and rarity-based algo¬ 
rithms are not generalizable and depend on the distribution of species 
abundances, the size of reserve units considered, and the pattern of species 
occurrence on the landscape (Williams 1998). 

Data limitations have long been recognized as an important constraint 
associated with geographically based conservation efforts (Botsford et al. 
2003). Like hot spot analysis approaches, there have been attempts to 
quantify the degree to which reserve designs based on well-studied taxa 
also meet the conservation needs of poorly known groups (Flather et al. 
1997; Reid 1998). For example, Launer and Murphy (1994) found that of 
all sites where a rare butterfly occurred, in an attempt to conserve geno¬ 
typic representation, greater than 98% of native spring-flowering forbs 
also received protection. Similarly, Csuti et al. (1997) indicated that reserve 
designs resulting in complete representation of one major taxon may ade¬ 
quately represent occurrence patterns of other unrelated taxa. Although 
these findings do offer some hope that biodiversity benefits from reserves 
that are designed based on well-known taxa will transfer to little-known 
and unmeasured taxa, opposing evidence does exist in the literature. For 
example, in deciduous woodlands of western Norway, Scetersdal et al. 
(1993) found that among the 32 reserve units with complete representa¬ 
tion of plants, only 5 units were shared among the set of 12 units with 
complete representation of birds. Such contradictory findings in the liter¬ 
ature point to an important research need—namely, to identify those eco¬ 
logical circumstances, if any, when it is tenable to use occurrence patterns 
of one or a few taxa to represent the pattern for other taxa. 

Another important limitation with reserve selection algorithms is that 
the results are contingent upon the pattern of species occurrence across the 
region where the reserve design is being planned. Since most algorithms 
consider only presence/absence data, it is difficult to determine whether 
the reserve will conserve the species pool as land use activities change the 
landscape context within which the reserve is embedded (Soule and Sim- 
berloff 1986). 

Potential approaches to address this concern include consideration of 
land suitability and anthropogenic threats (Margules and Pressey 2000) or 
explicit measures of persistence probability (Williams and Araujo 2000; 
Gaston et al. 2002). However, estimates of land suitability and persistence 


Chapter 6. Species-Level Strategies for Conserving Rare Species 155 


are often based on current conditions or recent historical data, and it is not 
clear that reserve designs will be robust (i.e., continue to conserve species) 
to future land use changes in surrounding nonreserve lands. Incorporation 
of such concerns will require more mechanistic models of species persist¬ 
ence which acknowledge that reserve units are not independent of each 
other, nor are they independent of the landscape matrix within which they 
reside. 


Conclusion 

A plethora of species-level approaches to conservation has been advanced, 
dealing with population viability, species surrogacy, multiple species 
groups, and geographic targets. Most of these approaches were developed 
to help streamline difficult, and at times intractable, tasks of simultane¬ 
ously managing for many species, although the viability approaches usu¬ 
ally pertain to single species. 

The approaches are not clearly independent. Thus any attempt at cate¬ 
gorizing these approaches is not clean because of vague and ambiguous 
definitions. For example, the literature has many examples of where 
authors have mixed and overlapped the definitions and use of many of the 
species approaches we reviewed here. We suggest that whatever names are 
used, the purpose of, and assumptions behind any given approach be 
clearly articulated. In this way, the pertinence and applicability to conser¬ 
vation of RLK species can be more accurately assessed. 

Few approaches have had their fundamental assumptions rigorously 
tested. This is particularly problematic when extending inference to con¬ 
servation of RLK species. Objectives, assumptions, implementation, and 
actual performance of any given approach for RLK species conservation 
should not be conflated but should be evaluated individually. For example, 
the objective of some surrogate species approach, such as the use of indi¬ 
cator species, could be to focus management on a species that is not rare 
and is well known, to indicate the status and conservation of some RLK 
species. The assumption would be that if the indicator species is provided 
for, then the RLK species will be provided for. The implementation of the 
approach might be feasible and economical. However, the veracity and 
actual performance of the approach might be unknown or suspect; that is, 
whether providing for the target indicator species truly serves to provide 
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for the RLK species. Research and monitoring can help determine the 
degree of veracity and performance, which should not be presumed simply 
from the stated objective and assumption. Likewise, the implications of 
uncertainty (i.e., errors and lack of basic information on RLK species) need 
to be admitted and their influence on performance of any given conserva¬ 
tion approach evaluated. 

In general, RLK species have characteristics that make demonstrably 
successful implementation of any of these approaches challenging. To a 
certain degree, perhaps the best we can reasonably expect is to use research 
and monitoring to determine which approaches, alone or in combination, 
could best meet conservation objectives for some management situations 
or geographic areas or species groups, and then extend inference of those 
results elsewhere. It may not be reasonable to conduct enough study on 
RLK species to fully determine their true rarity and make them well 
known. 

The next chapter continues a review of system-level approaches and 
will draw fuller conclusions on application of both species- and system- 
level approaches. 
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System-Level Strategies 
for Conserving Rare or 
Little-Known Species 

Bruce G. Marcot and Carolyn Hull Sieg 


In this chapter we review the literature on system-level strate¬ 
gies for conserving rare or little-known (RLK) species, continuing from the 
species-level approaches addressed in the previous chapter. We define sys¬ 
tem-level approaches as those that result in conservation actions focused 
on providing for community or ecosystem composition, structure, or func¬ 
tion. See table 7.1 for a description and main assumptions of the system 
approaches we review. 

As used generally in planning and management, system-level 
approaches to conservation do not necessarily or specifically pertain to 
individual RLK species or groups of species per se. Instead, they tend to 
emphasize the maintenance of ecosystem structure, function, and integrity 
as at-risk entities in their own right or as surrogates for individual species. 
We discuss the scientific merit and strengths and weaknesses of each 
approach for conservation of RLK species. 

The organization in this section is based on criteria used in designing 
the approach. That is, if structural attributes of an ecosystem were used in 
developing an approach, we would classify the approach as "structural," 
even though the approach also influences the functioning of the system. 
Likewise, if the approach is based mostly on disturbance regimes or func¬ 
tional aspects of a system, we would tend to classify it as a "functional" 
approach. 
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Table 7.1. Summary of system approaches 
showing descriptions and main assumptions 


Name of Approach Description 


Main Assumptions 


Maintaining System Structure and Composition 


Range of natural 
variability (RNV) 


Key habitat 
conditions 


Keystone species 


Ecosystem 

engineers 


Maintaining System Structure Composition 


Managing within a range of 
historic vegetation and 
environmental conditions 


Maintain a mix of conditions 
including types and 
successional stages of plant 
communities 


Species that play critical 
A species that regulates local 
species diversity in lower 
trophic levels 


Species whose activities 
modulate physical habitat 


• Range of historic conditions repre¬ 
sents conditions under which native 
species persisted, and under which 
modern humans had little anthropogenic 
or technological impact 

• Such conditions would provide for 
future persistence of species and systems 

• Appropriate habitat conditions can be 
identified by focusing on selected 
species, including species playing key 
ecological roles 

• A mix of habitat conditions will support 
the diversity of associated species 

ecological roles 

• Their effect on species diversity in 
lower trophic levels is disproportionate 
to their abundance 

• They perform roles not performed by 
other species or processes 

• Only a relatively few species within 
an ecosystem have such effects 

• Their effect on physical habitats and 
therefore ecosystem structure and 
function is disproportionate to their 
abundance 

• They perform roles not performed by 
other species or processes 

• Only a relatively small subset of 
species in an ecosystem serve these 
influences 


Fire 


Herbivory 


Maintaining System Processes and Functions 

Mamtaining disturbance regimes 


Restoration of historic 
timing, severity, seasonality, 
and size of fires 


Restoration of historic 
patterns, intensity, and 
types of herbivory 


• Restoration of the fire regime will 
result in structural characteristics upon 
which many species depend and will 
ultimately result in a mosaic of struc¬ 
tural classes that occurred historically 

• Restoration of historic herbivory pat¬ 
terns is important in systems that 
evolved with grazing and in those 
systems that were largely devoid of 
large herbivores 
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Name of Approach Description 


Main Assumptions 


Key ecological 
functions of 
organisms 


Food webs 


Maintaining Other Ecosystem Processes 


Patterns of the major 
ecological roles played by 
species in their ecosystems 


Flows of substance and 
energy among feeding links 
and across trophic levels 


• Providing habitat for natural or 
desired numbers of species with specific 
key ecological function categories would 
ensure functionality of the system 

• Greater levels of functional redundancy 
impart greater stability and resilience of 
the system and ecological communities 
to external environmental perturbations 

• All species within a community per¬ 
form some key ecological functions that 
can influence the environment of, or 
resources used by, other species 

• Providing for food chains within 
ecological communities can maintain 
the stability and natural dynamics of 
the community 


Maintaining System Structure and Composition 

This set of approaches pertains to maintaining the structure or composi¬ 
tion of species assemblages or ecological communities, or maintaining the 
dynamics of ecosystems. 


Range of Natural Variability 

This approach focuses on maintaining the mix of ecosystems across the 
landscape within the historic range of natural variability (RNV) (Landres 
et al. 1999). An assumption of this approach is that native species of a 
region adapted to and occurred within some historic range of variability 
that can be estimated and potentially replicated by land management. This 
approach also assumes that maintaining the mix of communities within 
this natural range will provide for the current needs of associated species 
(Morgan et al. 1994; Agee 2003). 

This approach is based on an understanding of "natural" structure, com¬ 
position and disturbance regimes that existed when ecosystems were rela¬ 
tively unaffected by people. Such reconstructions of historic conditions 
depend greatly on the geographic area, time period, and specific conditions 
considered. Selecting a starting time, that is, deciding how far to look back, 
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is an important consideration in historical reconstructions and in deciding 
how to depict the natural range of variability. Morgan et al. (1994) recom¬ 
mended that reconstructions should consider only the time period during 
which the current vegetation was in relative equilibrium with the current 
climate and other biotic factors. Based on this recommendation, Hann et al. 
(1997) used the last 2000 years for the Interior Columbia Basin Ecosystem 
Management Project. 

Of course, this method presumes that equilibrium could be, and had 
been, reached. Longer reconstructions are useful for appreciating the role 
of climate change on ecosystems and disturbance regimes (Swetnam et al. 
1999) and for considering evolution of adaptive phenotypes and behaviors 
of species. Millar and Woolfenden (1999) argued that a more appropriate 
analog for western North America might be the Medieval Warm Period 
(AD 900-1350). Gill and McCarthy (1998) used longevity of plant species 
that reproduce only after fire to help define the upper limit of fire return 
intervals, to help in fire planning; they suggested that this approach could 
be useful in cases with little presettlement information on fire return 
intervals. Unfortunately, such reconstructions—representing pre historic 
(i.e., prior to written history) conditions—typically suffer from a "fading 
record" problem characterized by decreasing reliability with increasing 
time before the present (Swetnam et al. 1999). 

The common assumption in this approach is that recent historic condi¬ 
tions represent conditions under which native species evolved. This 
assumption may very well be false, given the very long span of time (or 
variable spans of time among different taxa) over which evolution pro¬ 
ceeds, as well as the high level of even recent (Holocene) variation in cli¬ 
mate and vegetation conditions. Thus it may be more correct to refer to the 
historic range of variation as representing conditions over which native 
species may have persisted rather than evolved. 

An analysis of the RNV is often used to describe desired (future) con¬ 
ditions. However if this connotes static, fixed conditions of vegetation 
structure, composition, and distribution, and of other environmental fac¬ 
tors, to be consistent with the concept of variation, including natural (and 
anthropogenic) disturbance regimes, the term may better be revised as 
"desired (future) dynamics" (Hansson 2003). Focusing on dynamic ele¬ 
ments of an ecosystem, such as variation in fire regimes, climate, and 
hydrology, helps describe a range of possible future vegetation and envi¬ 
ronmental conditions. In this approach, the land and natural resource 
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manager could then decide the degree to which the fit between historic 
and future variations would be acceptable, given management goals and 
objectives. 

In one version of the RNV approach, historical reconstruction tech¬ 
niques have been used to examine a number of ecosystem attributes. In 
forested ecosystems, these include forest composition and structural 
attributes such as the relative distribution and patch size of forest types 
and even the tree and age class distribution within and among stands. We 
discuss here approaches focusing on structure and composition of ecosys¬ 
tems separately from those focusing on restoring disturbance processes 
(discussed later). But, in reality, most efforts to restore historic structural 
attributes rely on an understanding of disturbance regimes that created or 
maintained this structure. 

Incorporating an understanding of the dynamic nature of vegetation is 
an important attribute of strategies to manage within some historic range 
of variability (Hunter 1991). Some RNV approaches begin with an objec¬ 
tive of providing the diversity of structural elements in variable configu¬ 
rations and quantities, with the ultimate objective of maintaining the 
dynamic patterns and processes that are integral to ecological integrity 
(Aplet and Keeton 1998; also discussed later in this chapter in the context 
of maintenance of disturbance regimes). 

Sources of information for reconstructing historical structural and com¬ 
munity attributes of ecosystems include information from biological 
archives such as packrat middens (Betancourt et al. 1990), opal phytoliths 
(Kerns and Moore 1997), and plant macrofossils and pollen deposited in 
soils, lakes, and bogs (Jacobson and Grimm 1986). Other sources of infor¬ 
mation used in reconstructing structural and community attributes of 
ecosystems include documentary archives, such as photographs and diaries 
of early explorers, naturalists, scientists, and settlers. The usefulness of 
these sources of information is limited by uneven spatial and temporal 
distribution, and as a result might not represent all, and in some cases even 
modal, earlier conditions. In addition, these sources may reveal relative 
abundances of major species groups but cannot be used to address ques¬ 
tions about the patchiness of vegetation types, the area or age class distri¬ 
butions of forest types, or occurrence and prevalence of plant species that 
are poorly represented in midden or pollen samples. These limitations are 
particularly troubling when dealing with rare species because specific 
mention of even their presence in historical documents is uncommon. 
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In spite of the difficulties in reconstructing historical structure and 
composition of native landscapes, this approach is widely applied in con¬ 
servation efforts. Strategies aimed at ultimately restoring the natural 
distribution of ecosystems and serai stages must characterize how these 
patterns have changed. Central to such approaches is first assessing, at 
least regionally (and not just within the planning area), how coverage 
by major vegetation types has been altered by humans. Such analyses 
are useful in identifying vegetation types that are rare throughout their 
range and not just locally rare in the planning unit. This information 
can be used to prioritize conservation efforts on the more globally rare 
types. 

Large-scale regional assessments may fail to address landscape features 
that occupy only a small area but support biodiversity elements, including 
RLK species. Simply preserving uncommon habitats such as wetlands, 
fens, bogs, springs, riverine systems, and other unique habitats is an 
important step in meeting species diversity goals. For example, protection 
of springs and sphagnum bogs was deemed necessary for maintaining 
some rare insects in eastern Oregon and Washington forests (LaBonte et 
al. 2001). Maintenance of habitat features such as wetlands, riverine sys¬ 
tems, sandhills, and caves, plus prairie dog (Cynomys spp.) colonies and 
concentrations of Richardson's ground squirrels (Spermophilus richard- 
sonii) was needed to support a number of threatened and endangered 
species of the Great Plains (Sieg et al. 1999). 

A number of strategies using an understanding of RNV are aimed at 
one specific vegetation type. For example, Prober (1996) quantified floris- 
tic composition and soil types in remnant Eucalyptus woodlands in Aus¬ 
tralia. These data were then used to design reserves that would include 
sites representative of the natural variation and that would compensate for 
high losses of woodlands on soils suitable for agriculture. In another exam¬ 
ple, the U.S. National Park Service used a combination of repeat photo¬ 
graphs and tree ring evidence to document recent tree invasion of a mon¬ 
tane meadow in New Mexico (Swetnam et al. 1999). This information was 
then used to develop a strategy to restore the grassland character to this 
region. Reconstruction of historic stand densities, as well as tree size and 
arrangement, and fuel loadings are key components of strategies designed 
to restore southwestern U.S. ponderosa pine (Pinus ponderosa ) forests to 
conditions more typical of late 1800s reference conditions (e.g., Fule et al. 
2002 ). 
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The U.S. Department of Agriculture (USDA) Forest Service has used 
various versions of RNV-based strategies in developing land and natural 
resource management plans. For example, management guidelines for an 
area in southern Idaho were designed to maintain habitat types or fire 
groupings of stands within a historic range of conditions. Other examples 
of applications where RNV principles have been used focus on identifying 
and restoring within-stand structural components. For example, a compar¬ 
ison of historic to modern photographs taken from the same photo points 
can be used in developing range management and restoration plans 
(Skovlin and Thomas 1995). 

RNV approaches can also be used to aid understanding of historic ver¬ 
tebrate and invertebrate species composition. Such information may be 
used in conservation strategies in a number of ways. First, this informa¬ 
tion can identify species that have been extirpated from the planning 
area, and consideration can be given to their reintroduction. This infor¬ 
mation can also help identify species that are now more or less common 
relative to presettlement periods. The presence of specific wildlife species 
can also provide valuable information about habitat conditions at the 
time. For example, lists of birds and estimates of their abundances com¬ 
piled by naturalists in the late 1800s and early 1900s along the Missouri 
River provided insights into the composition and extent of riparian 
woodlands at that time (Rumble et al. 1998). Observations on the pres¬ 
ence of ducks, fish, and frogs throughout the year and in drought years 
give some sense for whether historic lakes supported persistent popula¬ 
tions of aquatic animals and species (Severson and Sieg 2006). This type 
of information is potentially useful in setting more informed restoration 
goals. 

Regardless of the approach, efforts designed to restore the structure and 
composition of native landscapes are fraught with implementation prob¬ 
lems. Areal coverage of some ecosystem types such as tallgrass and rough 
fescue (Festuca hallii ) prairies and longleaf pine (Pinus pcilustris) forests 
have been reduced to such a high degree that restoration of even a portion 
of the historic range of variation seems unlikely (Klopatek et al. 1979). 
Species extinctions, geographic fragmentation, continued human expan¬ 
sion, exotic species introductions, and changes in atmospheric gases are 
among the other impediments to restoring historic structural and compo¬ 
sitional diversity to native landscapes (McPherson 1997), as are social and 
economic costs of resource (re)allocation, and possibly climate change. 
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Effects of all of these impediments on understanding historic distributions 
of RLK species and their restoration or conservation are largely unknown 
for most such species. 


Diversity of Habitat Conditions 

This set of approaches focuses on how species use diversity of habitats and 
conditions, but not from the perspective of historic or natural variation. 
We describe two approaches: managing for key habitat conditions, and 
managing for species that play critical ecological roles. 

Key Habitat Conditions 

An approach based on key habitat conditions is an example of a "coarse fil¬ 
ter" strategy (see chap. 4), where the goal is to maintain a mix of habitat 
conditions at an appropriate management scale (Kaufman et al. 1994). 
However, this approach is not specifically tied to an understanding of his¬ 
toric range of variation. The assumption is that restoring or maintaining a 
mix of serai stages will provide the range of habitat conditions to support 
the diversity of associated species (e.g., Oliver 1992; Hof and Raphael 
1993). In some regions, dense human populations and fragmentation of 
remaining habitats prevent management designed around natural distur¬ 
bance regimes (Litvaitis 2003). Examples using this approach include Hau- 
fler et al.'s (2002) "adequate ecological representation" approach, whereby 
the management goal is to maintain a minimum of 10% of the maximum 
of the range of historical conditions of each community type. To aid in the 
recovery of Pitcher's thistle (Cirsium pitcheri), a threatened species in the 
United States and Canada, early-successional dune habitats are maintained 
(McEachern et al. 1994). 

Species That Play Critical Ecological Roles 

These approaches focus on restoring species that have large effects on com¬ 
munity structure or ecosystem function that is disproportionate to their 
abundance or biomass and perform roles not performed by other species 
(Power et al. 1996). A number of schemes have been proposed for classify¬ 
ing species that play critical ecological roles. We discuss two examples: key- 
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stone species, which regulate local species diversity and competition, and 
ecosystem engineers, or species that modulate physical habitat. 

The keystone species approach relies on the management for specific 
species that play major ecological roles in their ecosystems that influence 
many other species. Keystone species are species that regulate local species 
diversity in lower trophic levels, and whose removal results in significant 
shifts (increases or decreases) in the presence, distribution, or abundance 
of other species (Bond 1994). The term "keystone" was initially suggested 
by Paine (1966, 1974) in experiments in which mussels released from 
starfish predation took over the intertidal environment, and in doing so, 
reduced or excluded other species. Paine thus defined a keystone as a 
species (like the starfish) that kept other species in the system by keeping 
mussel populations in check. 

The main assumption of the keystone approach is that some individual 
species disproportionately affect the distribution and abundance of either 
resources for other species or other species directly. The effect is directly 
causal from the keystone species' behaviors and is not just correlational. 
Further, the removal or decline in keystone species results in significant 
(and presumably undesired) changes in those resources or other species, 
and only a relatively few species within an ecosystem have such effects. 

Since Paine's (1969) experiments, numerous species in many environ¬ 
ments have been proposed as keystone species, including the coyote (Canis 
latrans ) as a keystone terrestrial vertebrate predator (Henke and Bryant 
1999), salamanders as keystone aquatic invertebrate predators (Wilbur 
1997), and prairie dogs (Cynomys spp.) as keystone providers of ground 
burrows for other animals (Van Putten and Miller 1999). Even rare species 
can play keystone roles in some systems. Lyons and Schwartz (2001) 
reported that experimental removal of rare plant species, as compared with 
the same removal of dominants, led to greater invasion by an exotic grass 
species. However, this is not to say that all rare species play equally influ¬ 
ential roles on community structure. Also, many little-known species (not 
necessarily rare) play keystone roles, particularly soil invertebrates that 
determine the structure and abundance of soil microbial populations 
(Moldenke et al. 1994). 

Ecosystem engineers are species whose activities modulate physical 
habitats and thus have salient influence over community or ecosystem 
structure, composition, or function. Jones et al. (1996) defined ecosystem 
engineers as "organisms that directly or indirectly control the availability 
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of resources to other organisms by causing physical state changes in biotic 
or abiotic materials." Butler (1995) described such animals as "geomorphic 
agents" and coined the study of animal ecosystem engineers as "zoogeo- 
morphology." A main assumption of the ecosystem engineer approach is 
that, by their behaviors, particular species modulate physical habitats and 
thus have major influence over resources available to other species. 
Another assumption is that only a relatively small subset of species in an 
ecosystem serves these influences. 

The American beaver (Castor canadensis ) is a classic ecosystem engi¬ 
neer whose water-impoundment activities serve to increase plant and ani¬ 
mal species richness within landscapes (Wright et al. 2002). Soil inverte¬ 
brates are considered engineers of the soil environment, determining the 
structure and abundance of soil microbial populations and thereby influ¬ 
encing soil productivity (Moldenke et al. 1994). Smallwood et al. (1998) 
showed that the key ecological function of burrowing by animals is crucial 
to soil formation and is a critical link between geologic regolith material 
and organic soil life. 

In summary, conservation approaches based on species that play critical 
ecological roles entail managing for species that have large effects on com¬ 
munity structure or ecosystem function that are disproportionate to their 
abundance and perform roles not performed by other species or processes. 
Examples include keystone species that regulate species diversity in lower 
trophic levels or ecosystem engineers that modulate physical habitats. 
However, these functional-based conservation approaches tend to pertain 
to maintaining some aspects of ecosystem function rather than the occur¬ 
rence and persistence of RLK species per se, unless those RLK species are 
themselves the species that play critical ecological roles. 


Maintaining System Processes and Functions 

These approaches are more process oriented; that is, they seek to restore 
and maintain the dynamics of ecosystem processes. We discuss two broad 
approaches: maintaining disturbance regimes, and maintaining other 
ecosystem processes such as food webs. Since it is not possible to discuss 
all terrestrial disturbances required to maintain ecosystem structure and 
function, we limit our discussion to two disturbance types for which we 
found conservation approaches: fire and herbivory. Similarly, we provide 


Chapter 7. System-Level Strategies for Conserving Rare Species 175 


two examples of approaches designed to provide for other ecosystem 
processes: one related to providing key ecological functions and a food web 
strategy. 


Maintaining Disturbance Regimes 

Restoration of historic disturbances is increasingly being recognized as an 
important aspect of maintaining ecosystem structure and function. In dis¬ 
turbance-prone areas, environmental variability itself can be important to 
the life histories of many organisms (Aplet and Keeton 1998). Conserva¬ 
tion strategies for rare species are increasingly recognizing the need to 
restore appropriate disturbance regimes. 

Recognizing the importance of disturbance in maintaining heterogene¬ 
ity of ecosystems has prompted increased efforts to assess, to the degree 
possible, how various disturbances in the past, such as fire and grazing, 
interacted with climatic fluctuations in maintaining community patterns. 
Characterizing and restoring historic disturbance regimes can be one facet 
of the RNV approach, discussed earlier. The main difference between these 
two approaches is that the RNV approach compares current or expected 
conditions to the range of historic or natural conditions, whereas mainte¬ 
nance of disturbance regimes focuses on the dynamics of systems, whether 
or not specific resulting conditions match some other historic or natural 
conditions. 

Attributes of disturbance regimes that influence community structure, 
composition, and function include the type, severity, frequency, and sea¬ 
sonality of the disturbance and the size and shape of resulting habitat 
patches (Pickett and White 1985). Often, disturbances interact and their 
joint effects might be totally or partially additive (Frelich 2002). Altering 
disturbance regimes can have cascading effects on ecosystems—not just on 
disturbance-dependent species but also on species that occur in areas that 
are rarely disturbed. Studies are beginning to elucidate how disturbance 
processes at site, watershed, and even drainage basin scales can interact to 
maintain biodiversity (Everett and Lehmkuhl 1999), and how exotic 
species can influence plant community trajectories following disturbances 
(Hobbs and Huenneke 1992). 

Studies of vegetation patterns, stand composition and age structure, and 
gap analysis and tree ring analyses of fire and insect events have been used 
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to characterize historic disturbance regimes in forests (e.g., Dean et al. 
1997). Charcoal layers in lakes and soils (Gavin et al. 2003) provide 
insights into the occurrence of past fires in some systems. In grassland 
ecosystems, tree ring studies from adjacent forests (Sieg 1997) and infor¬ 
mation from documentary archives can provide insights into past fire and 
grazing disturbance regimes (Severson and Sieg 2006). Long-term climatic 
reconstructions from tree rings often provide an understanding of how 
historic disturbances change with varying climates (Swetnam and Betan¬ 
court 1998). 

As already discussed under restoring structure and composition based 
on RNV approaches, reconstructing past disturbance patterns is often dif¬ 
ficult. Some ecosystems have crossed thresholds such that returning them 
to a previous state, or reinstating historic disturbance regimes, can be 
extremely challenging or impossible. In some cases, past management, 
introduction of exotic species, rarity of native species, and continuously 
expanding human populations make reintroduction of historic disturbance 
regimes quite difficult. 

In some situations, it might make greater sense to focus on restoring 
disturbance regimes and letting specific conditions result as they may; in 
other situations, the focus may be on altering the conditions and then rein¬ 
troducing natural disturbance dynamics. Stephenson (1999) characterized 
the tension between these two approaches as "structural restoration" ver¬ 
sus "process restoration." Both may be useful in different circumstances. 
For example, reintroducing historic fire (a natural disturbance regime) into 
grasslands of the inland U.S. West that are currently heavily dominated by 
spotted knapweed (Centaurea maculosa ) may result only in more knap¬ 
weed and not serve to restore historic conditions per se. In this case, 
restoration activities might first focus on alerting the structure of the plant 
community (that is, removing the knapweed) and then reintroducing the 
historic disturbance regime. Stephenson (1999) cited an opposite example, 
where reintroduction of a fire regime without a preceding structural 
(mechanical) restoration might serve to restore historic conditions in 
groves of giant sequoia trees (Sequoiadendron giganteum), a globally rare 
but locally common species in the Sierra Nevada, California. The degree to 
which such structural versus process (disturbance regime) restoration 
approaches would be useful for conservation of RLK species would likely 
need to be determined on a case- and context-specific basis. 

Much of the information used in maintenance of disturbance regimes 
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pertains to the dynamics of systems and not to the presence and condition 
of RLK species. Thus the degree to which restoring historic disturbances to 
a system serves to conserve or restore any given RLK species may be 
largely unknown. 

Fire 

Many conservation plans for fire-prone ecosystems call for restoration of 
historic fire regimes. Restoration of fire regimes is confounded not only by 
an incomplete understanding of past fires but also by the difficulties of 
returning fires to areas that are greatly altered in many other ways. 

Even for well-studied ecosystems such as the tallgrass prairie of the 
central U.S. Great Plains, the limited area of remaining grasslands confines 
the scale at which fire treatments can be implemented and studied. In other 
systems, such as the pitch pine (Pinus rigida )-scrub oak (Quercus ilicifo- 
lia) barrens in the northeastern United States, restoring large-scale crown 
fires is hampered by the proximity of human settlements as well as by the 
small amount of barrens remaining (Jordan et al. 2003). For much of the 
ponderosa pine type in the western United States, there is a growing recog¬ 
nition that return of frequent, low-intensity surface fires is difficult with¬ 
out first mechanically removing trees and perhaps fuels (Fule et al. 1997). 

Some strategies that are based on understanding historic fire regimes 
attempt to emulate the structure that results from past fires without 
burning (Buddie et al. 2006). For example, Cissel et al.'s (1999) landscape 
plan prescribes timber harvesting in the Pacific Northwest to emulate past 
burning regimes. Similar strategies have also been attempted on other 
biomes. 

A number of conservation plans incorporate burning guidelines that are 
modified to account for the needs of rare species. Gill and McCarthy (1998) 
recognized that variability in fire intervals in nature is inevitable and 
desirable in prescribed burning plans designed to conserve biodiversity, 
and that understanding the life histories and habitat requirements (and 
associated fire regimes) of rare species can be used to propose appropriate 
fire intervals. Lamont et al. (1991) estimated that a mean fire interval of 20 
to 30 years would maintain a rare plant species (Banksia cuneata ) in west¬ 
ern Australia. Brooker and Brooker (2002) modeled the population of the 
splendid fairy-wren (Malurus s. splendens), and concluded that at least 20 
years between fires allowed birds to establish territories (3 to 14 years). In 
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another example, managing endangered Kirtland's warblers (Dendroica 
kirtlandii) in the Great Lakes states has entailed periodic logging and burn¬ 
ing of jack pine (Pinus banksiana) stands to maintain early successional 
pine forests favored by the bird (Marshall et al. 1998). In many such exam¬ 
ples, restoring fire patchiness and variability in burn intensity may also be 
important. 

Herb ivory 

Historic patterns of terrestrial herbivory by vertebrate species have been 
altered in many, if not most, native ecosystems in North America. Alter¬ 
ations include changes in native herbivore composition and abundance as 
well as introductions of nonnative grazers. As a result, in combination with 
a declining habitat base and efforts to sustain economic livestock opera¬ 
tions, the timing, duration, and intensity of herbivory by terrestrial verte¬ 
brate species in many systems is likely different from presettlement pat¬ 
terns. Plants (perhaps including some RLK species) in many forested and 
nonforested ecosystems evolved with some type of herbivory and devel¬ 
oped a tolerance and even a dependency on herbivory (Collins et al. 1998), 
but the impacts of herbivory can be greatly altered by herbivore density as 
well as forage availability (Laurenroth et al. 1994). The introduction of 
bison (Bison bison ) to the Konza Prairie Research Natural Area is an 
example of an approach that attempted to restore historic grazing patterns 
based on a perceived range of natural variability (Knapp et al. 1999). In an 
attempt to introduce heterogeneity in grazing levels, the USDA Forest 
Service (2001) Northern Great Plains plan proposed to alter livestock graz¬ 
ing management strategies to provide a range of levels of residual cover, 
based on the recognition that some rare species are dependent on heavily 
grazed sites and others require higher levels of residual cover for nesting 
cover. 


Maintaining Other Ecosystem Processes 

"Other ecosystem processes" includes a range of approaches to consider¬ 
ing other ecosystem processes and ecological functions. We provide two 
examples here: one relating to key ecological functions (KEFs) of organ¬ 
isms and the other relating to maintenance of food webs. 
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Key Ecological Functions of Organisms 

KEFs are the major ecological roles played by species in their ecosystems 
(Marcot and Vander Heyden 2001; Marcot et al. 2006). Ecological functions 
of organisms support the trophic structure of ecosystems (energy flows, 
food webs, predator-prey relations, and nutrient cycling) as well as inter¬ 
specific symbioses and other interactions that serve to structure ecological 
communities (Chapin et al. 1996). 

Multiple species serving a similar function define the functional redun¬ 
dancy of the system. Theory suggests that ecosystems with greater levels 
of functional redundancy may be more resilient or resistant to adverse 
changes in their structure, composition, or function than are ecosystems 
with lower functional redundancy levels (Rosenfeld 2002). KEFs of species 
can ultimately affect ecosystem productivity, diversity, resource sustain¬ 
ability, and levels of ecosystem services. 

One major assumption of the key ecological functions approach is that 
providing habitat for natural or desired numbers of species with specific 
KEF categories would ensure functionality of the system. Another 
assumption is that greater levels of functional redundancy impart greater 
stability and resilience of the system and ecological communities to exter¬ 
nal environmental perturbations. Yet another assumption is that all species 
within a community perform some key ecological functions that can influ¬ 
ence the environment of, or resources used by, other species. 

In the KEF approach, categories of KEFs, along with habitats used, are 
listed for individual species in a species-environment (or wildlife-habitat) 
relations database. The KEF approach was used in the terrestrial ecology 
assessment of the Interior Columbia Basin Ecosystem Management Pro¬ 
ject (ICBEMP) of the Forest Service and the U.S. Department of the Inte¬ 
rior (USDI) Bureau of Land Management (Marcot et al. 1997). Several cat¬ 
egories and patterns of functions and species were suggested as possible 
foci for ecosystem management under ICBEMP, such as imperiled KEFs 
(functions that may vanish from a system when performed by one or a few 
species that are themselves at risk), functional specialist species (species 
that perform only one or very few functions), critical functional link 
species (species that are the only ones in a system that perform specific 
KEFs), and functional diversity and richness of ecological communities 
(the number and variety of KEFs in a system). Further, an ecosystem that 
has retained all its native KEF categories can be defined as "fully func- 
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tional." Resource managers could then determine the collective array of 
macrohabitats and habitat elements required by individual species (includ¬ 
ing RLK species, where their functions are known or suspected) or by a 
functional species group, pertaining to any of these patterns, and then craft 
management plans or prescriptions accordingly to provide for such habi¬ 
tats and thus the species and functions they support. 

The KEF approach and its key assumptions are largely untested and, as 
currently implemented, rely on categorical and qualitative data on species' 
ecological roles. As presented, it is complementary to species- and habitat- 
specific management and thus does not presume to ensure any specific 
degree of protection or provision for all RLK species. Only in a general 
way, by fostering conservation of all ecological functions, does this 
approach provide for some (unspecified) degree of protection for RLK 
species. 

Food Webs 

Studies of food webs are similar to those of energy flow insofar as they 
relate flows of substance and energy among feeding links and across 
trophic levels. Food web studies have been a mainstream of ecological 
research for many decades. The assumption of the food web approach is 
that providing for food chains within ecological communities can maintain 
the stability and natural dynamics of the community. 

Much has also been written on management of food webs (e.g., papers 
in Kitchell 1992). For example, Berlow et al. (1999) provided a set of indices 
by which food webs can be evaluated for use in management, including 
indices of predator functional response and the strength and importance of 
species interactions (keystone roles). However, there are few examples of 
land management plans, particularly for RLK species, that are based on 
food webs. The management strategy for northern goshawks in south¬ 
western U.S. forests is a notable exception. These guidelines were struc¬ 
tured around a food web strategy whereby the habitat needs of the pri¬ 
mary prey species of the northern goshawk (.Accipiter gentilis ) were used 
to develop management guidelines (Reynolds et al. 2006). 

One common theme in the ecological literature on food webs is that top 
predators in a food chain are usually uncommon and often highly sensi¬ 
tive to perturbations affecting the trophic structure of their ecosystem and 
their prey base (e.g., Lode et al. 2001). Insofar as some RLK animal species 
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are top predators, this principle may be used as a general guideline for their 
conservation, that is, by ensuring that their prey base and trophic web are 
maintained. Sergio et al. (2006) confirmed that top predators, used as flag¬ 
ship or umbrella species (see chap. 6), can justifiably be used as a basis for 
selecting reserves for overall biodiversity conservation. 


Conclusion 

The sets of system approaches reviewed here include those that focus on 
maintaining system structure and composition, as well as approaches that 
focus on maintaining ecosystem processes and functions. Collectively, such 
ecosystem approaches may provide for landscape conditions and ecosys¬ 
tem processes that match some natural, historic template, or otherwise 
normative and desired state, within which some RLK species may find 
suitable resources and habitats. These approaches account for the dynam¬ 
ics of entire systems in ways that species-specific approaches cannot. How¬ 
ever, these approaches may entail managing for disturbance regimes that 
might harm conditions required by RLK species at specific locations. Also, 
instituting disturbance management guidelines or managing to maintain 
species functional groups may necessarily be based on imperfect knowl¬ 
edge of natural conditions and may suffer from problems of practicality of 
application. 

Most system-level approaches to conservation strive to replicate some 
natural or baseline condition, ecosystem process, or dynamic disturbance 
regime. RLK species may play roles in mediating or determining such con¬ 
ditions, processes, and regimes, but system-level approaches may not nec¬ 
essarily ensure the conservation of specific RLK species. For example, an 
ecosystem might be performing within some natural range of variability 
of some parameter or disturbance regime, and it might contain a diversity 
of habitat conditions, and it might consist of desired ecosystem processes, 
but none of this ensures that particular RLK species would be conserved. 
That is, managing for RLK species is not necessarily the same as managing 
for biodiversity or for broader system-level performance criteria, condi¬ 
tions, and dynamics. 

That said, it is likely true that system-level conditions and dynamics 
determine the quality of habitats and environments for conservation of 
RLK species. Thus the best approach to ensuring RLK species conservation 


182 CONSERVATION OF RARE OR LITTLE-KNOWN SPECIES 


may lie in some combination of species- and system-level approaches. The 
following chapter provides an evaluation of the effectiveness of the vari¬ 
ous species and system approaches for RLK conservation, as well as other 
management objectives, and chapter 12 provides an overall process for 
selecting among approaches. 
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Effectiveness of 
Alternative Management 
Strategies in Meeting 
Conservation Objectives 

Richard S. Holthausen and Carolyn Hull Sieg 


This chapter evaluates how well various management strategies 
meet a variety of conservation objectives, summarizes their effectiveness 
in meeting objectives for rare or little-known (RLK) species, and proposes 
ways to combine strategies to meet overall conservation objectives. We 
address two broad categories of management strategies. Species 
approaches result in conservation actions focused on providing for individ¬ 
ual species or groups of species with common needs or common ecological 
characteristics. Species approaches we consider here include those focused 
on managing for the viability of individual species, those that use surro¬ 
gate species or groups of species, plus geographic approaches focused on 
species occurrences or ranges. System approaches focus conservation 
actions on providing for ecosystem composition, structure, or function. 
System approaches fall into two general categories: those that focus on 
managing to restore or maintain ecosystem composition and structure and 
those that focus on restoring or maintaining ecosystem function. These 
approaches are described in more detail in chapters 6 and 7. For this chap¬ 
ter, we analyzed approaches for which we could find studies or discussions 
illustrating how the approach might be used to meet either specific needs 
of a species or a group of species, or to meet more general biodiversity 
goals. 

We evaluated each approach for relative effectiveness in meeting three 
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general categories of conservation objectives: species diversity, genetic 
diversity, and ecosystem diversity (see chap. 2). Species diversity objectives 
included maintaining or restoring viable populations of (1) RLK species, 
(2) other species, and (3) other species in natural patterns of abundance and 
distribution. The objective of genetic diversity is to maintain or restore the 
natural genetic variation of species. Ecosystem diversity objectives 
included (1) providing for native ecosystem types and serai stages within 
their natural range of variation; (2) maintaining or restoring ecological 
processes such as disturbance regimes, trophic structures, nutrient cycling, 
and key functional roles of organisms; and (3) maintaining the capacity of 
landscapes to provide for resiliency of species in the face of long-term 
environmental change. 

Our evaluation of the various approaches was complicated by a number 
of factors. Many of these approaches share some degree of overlap, mak¬ 
ing it difficult to place them in distinct categories. In some cases authors 
described and evaluated very similar approaches but gave them different 
names. In these situations, we discussed each author's work under the cat¬ 
egory where it seemed to fit best but also mentioned it under the category 
assigned to it by the author. In other papers, the management goals and 
evaluation criteria were unclear. For example, some papers described the 
use of a surrogate approach for developing a comprehensive ecosystem 
management strategy but did not clearly define the species goals for that 
strategy. Some focused on proximate rather than ultimate goals. For exam¬ 
ple, the likelihood that surrogate species measures would conserve other 
species was frequently shorthanded as "protection" of those other species 
and measured simply as the overlap of the surrogate's locations with loca¬ 
tions of other species. This can be misleading because simple overlap with 
one or more locations of another species does not necessarily ensure ade¬ 
quate conservation measures for that species. We also found that different 
authors used different evaluation criteria for measuring the effectiveness 
of the same approaches. These complications were largely because the pub¬ 
lished research was intended to answer different questions than the ones 
that we were asking. As a consequence, we were often forced to make 
assumptions and interpretations beyond those given by the original 
authors. 

We found that variations in the application of an approach could lead to 
different assessments of its utility. For example, a guild approach based on 
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general species information from the literature might perform differently 
from one based on site-specific data. For some approaches, we were uncer¬ 
tain if the approach would be applied directly to RLK species or applied to 
other species with secondary inference to RLK species. For example, the 
focal species concept might be applied based on the needs of the rare 
species themselves. Alternatively, it might be applied to a broader array of 
species, in which case the evaluation becomes a determination of how well 
the conservation of that broader array of species provides for the rare 
species. In these cases, we described the assumptions that went into our 
evaluations. 

We used four ranks to rate the effectiveness of each approach in meet¬ 
ing each of the conservation objectives (see table 8.1): 

• A—likely to be effective. We assigned this rank for cases 
where a well-designed application of an approach would explicitly 
address the conservation objective in a way that would likely be 
effective in meeting it. For example, strategies that address the 
viability of individual species would likely be effective in provid¬ 
ing for viability of those species. 

• B—could be designed to be effective in some circumstances. We 
assigned this rating to approaches that would be effective in meet¬ 
ing a conservation objective when designed in a particular way but 
which might not be effective in other applications. For example, 
the biodiversity indicator approach would be effective in the con¬ 
servation of rare species when applied directly to rare species and 
based on site-specific data. Other more generalized applications of 
this approach might not be effective in meeting this objective. 

• C—effectiveness nearly completely dependent on other factors. 

We assigned this rating when the effectiveness of an approach 
would be more directly tied to circumstances rather than to the 
design of the approach itself. For example, the umbrella species 
approach, which focuses on species with large area requirements, 
could be effective in conserving rare species if there was signifi¬ 
cant co-occurrence between the selected umbrella and the rare 
species. In other circumstances, effectiveness would be low. 

• D—unlikely to be effective. This rating was assigned where an 


Table 8.1. Relative effectiveness of various approaches in meeting species, 
genetic, and ecosystem diversity conservation objectives (see chap. 3) 
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These rankings are based on using a well-designed example of the approach, and assume that the approach is used alone. 
Brief rank definitions are as follows: A—likely to be effective; B—could be designed to be effective in some circumstances; 
C—effectiveness will be nearly completely dependent on other factors; D—unlikely to be effective. See the text for further 
information on rankings. 

hn some cases, the approach was assumed to apply directly to rare and little-known species. In other cases a more general 
application was assumed. See text for additional clarifications. 

2 Where two ranks are shown, the first applies to rare species and the second to little-known species. 

3 For species approaches two ranks are shown. The first applies to the target species of the approach and the second to the 
other species. In the case of surrogate approaches, the first rank is for the surrogate, and the scond is for the spcies it is 
intended to represent. 
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approach, by its nature, would not be effective in meeting a con¬ 
servation objective. For example, development of individual species 
strategies based on the concepts of population viability analysis 
would not be effective if applied to little-known species as there 
would be inadequate information on which to base the strategies. 

Where we felt a particular approach ranked differently for rare versus 
little-known species, we assigned a rank for each (e.g., A/B). In ranking 
species approaches for meeting genetic diversity objectives, we also used 
separate rankings when we felt the approach ranked differently for the 
species targeted by the approach versus other species. In each section, we 
briefly reiterate the major tenets of each approach and provide specific 
details of the examples of the application that we evaluated for the 
approach. Our intent was to use published, peer-reviewed papers wherever 
possible, but we also used reports by various agencies and nongovernmen¬ 
tal organizations. In some cases we found no examples of application of the 
approach. In a few of these situations, we attempted to logically evaluate 
the likely effectiveness of the approach. 


Conservation of Individual Species at Risk Based on 
Concepts of Population Viability 

This approach entails developing a conservation strategy for a target 
species designed to sustain the species in a given geographic area. The 
most rigorous application of this approach involves incorporating popu¬ 
lation viability analyses (PVA) that test the likelihood of a species per¬ 
sisting under alternative strategies. Conservation strategies typically 
provide for conservation of the variety of habitats required for the 
species and its obligate symbionts (such as pollinators), including mutu- 
alist species. They may also provide for management of conditions and 
threats or stressors that might place a species at risk, such as manage¬ 
ment of human disturbance factors. The most rigorous approaches have 
an objective of maintaining the long-term evolutionary potential of the 
species. This is usually accomplished by maintaining the maximum 
range of conditions under which the species, including peripheral popu¬ 
lations, is known to occur to maintain the species' ability to adapt to 
changing conditions. 
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Development of strategies for population viability may be based on 
detailed single-species models that incorporate quantitative data on species' 
ecology, demography, biotic interactions, and dispersal and colonization 
dynamics (Murphy and Noon 1992; USDA Forest Service 2000). These 
models can be used to explore relative population growth rates of the tar¬ 
get species among various populations, in response to alternative manage¬ 
ment strategies, and in varying climatic conditions. Where the information 
for such models is lacking, strategies may be based on more general con¬ 
servation principles (Ralls et al. 2002; Samson 2002), including the general 
life history characteristics of the species (Wu and Botkin 1980). As noted 
in chapter 6, application of PVA concepts assumes availability of substan¬ 
tial information about species status, distribution, and autecology, so by 
definition this approach would generally not be applicable to poorly 
known species. 


Species Diversity Objectives 

Some validation testing of PVAs has been completed (see chap. 6). However, 
the effectiveness of management strategies based on the concepts of popu¬ 
lation viability in meeting species diversity objectives has not been exten¬ 
sively tested. Such strategies have been implemented for a number of 
species, including grizzly bears (Ursus arctos horribilis) (U.S. Fish and 
Wildlife Service 1993), northern spotted owls (Strix occidentalis caurina ) 
and other old-growth-associated species in the Pacific Northwest (USDA 
and USDI 1994), northern goshawks ( Accipiter gentilis ) (Reynolds et al. 
1992), old-growth-associated species on the Tongass National Forest 
(USDA Forest Service 1997), red-cockaded woodpeckers ( Picoides borealis ) 
(Conner et al. 2001), and western prairie fringed orchids ( Platanthera 
praeclara ) (USDA Forest Service 2000). Because these strategies have all 
been implemented relatively recently, monitoring data are not yet adequate 
to provide definitive answers about long-term consequences. However, 
based on information collected to date, it seems reasonable that these strate¬ 
gies, as modified through time based on new information and conditions, 
will be successful in conserving their target species. In some cases, however, 
conditions that cannot be controlled at the scale at which the strategies are 
implemented (e.g., global warming, major shifts in distribution of compet¬ 
ing species) may result in species extirpation/extinction despite the meas- 
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ures adopted through such strategies. For example, the success of the strat¬ 
egy for northern spotted owls is currently in question because of increas¬ 
ing competition from barred owls (Strix varia), which have recently moved 
into the range of the spotted owls (Kelly et al. 2003; Peterson and Robins 
2003). Other species, such as the cactus ferruginous pygmy-owl ( Glaucid- 
ium brasilianum cactorum ) in Arizona, are already suffering from such 
severe habitat fragmentation that their long-term persistence is in doubt 
(Cartron and Finch 2000). Thus these strategies do not ensure species 
resiliency with all potential futures. They are expected to be successful deal¬ 
ing with the dominant stressors that are known at the time of their devel¬ 
opment, but not in cases where species and the ecosystems on which they 
depend are too severely degraded for recovery or where threats to the 
species cannot be controlled at the scale of the strategy. 

We conclude that this approach would be effective (rank A) in maintain¬ 
ing or restoring viable populations of rare species where such species are 
actually the target of a strategy and information is available to develop the 
strategy. The information needed to conduct PVAs is often difficult to 
obtain, which can limit the effectiveness of PVA-based strategies. Sensitiv¬ 
ity analysis may be used to bracket potential outcomes where information 
is highly uncertain. However, the approach is unlikely to be effective (rank 
D) for little-known species as the information necessary to implement the 
approach would, by definition, be lacking. (See table 8.1 for all rankings 
discussed in this and subsequent sections). 

Effectiveness of this approach in providing for viability of nontarget 
species would be highly variable. There are situations where management 
for a single species could be detrimental to conditions needed to support 
other species. For example, use of a mechanical device to maintain cavities 
for red-cockaded woodpeckers may restrict the use of those cavities by 
Sherman's fox squirrel (Sciurus niger shermani), which has also declined 
significantly (Simberloff 1998). In other situations, target species of this 
approach may make effective umbrellas for other species and so provide 
conditions necessary to support viable populations of other species. In one 
of the best examples of this phenomenon, Thomas et al. (1993) assessed a 
conservation plan developed specifically for northern spotted owls. Spotted 
owls were prioritized for attention because they were listed under the 
Endangered Species Act and not because they were thought to be effective 
umbrellas. Thomas et al. concluded that conditions conducive to viable 
populations would be provided for more than half of all other vertebrate 
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species associated with old-growth forests. We conclude that the use of this 
approach for target species at risk might be effective in providing for con¬ 
servation of other species, but that this benefit will be incidental rather 
than the result of characteristics of the approach itself (rank C). 


Genetic Diversity Objectives 

Strategies aimed at maintaining population viability of individual species 
can be designed to maintain genetic diversity of the target species as well. 
Although data quantifying the genetic diversity of individuals in various 
populations rarely exist, by selecting sites for protection that encompass 
the diversity of circumstances where the species occurs, it is assumed that 
genetic diversity encompassed in populations within the planning area 
will also be retained. These principles were applied in developing the man¬ 
agement guidelines for the western prairie fringed orchid on the 
Sheyenne National Grassland in southeastern North Dakota (USDA For¬ 
est Service 2000). In selecting populations deemed critical for the persist¬ 
ence of the species, consideration was given to connectivity of habitat and 
representation of populations on the periphery of the orchid's range on 
the planning area. Quantitative population viability analyses were con¬ 
ducted to assess the effectiveness of this level of protection on projected 
population growth rates of the orchid (Sieg et al. 2003). The success of 
these guidelines in maintaining viable populations (and hopefully genetic 
diversity) of the western prairie fringed orchid has yet to be verified by 
subsequent monitoring data. We conclude that guidelines that attempt to 
provide for viability of individual species have the potential of maintain¬ 
ing genetic variation of the target species if they are appropriately 
designed and implemented (rank B). Effectiveness of this strategy in pro¬ 
viding for genetic diversity of nontarget species would be entirely 
dependent on other factors (rank C). 


Ecosystem Diversity Objectives 

In some situations, strategies developed to meet the needs of individual 
species may be based on management of overall ecosystem characteristics 
and thus be compatible with ecosystem management objectives. Where 
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such species are widespread, their management may make a significant 
contribution to overall ecosystem management. For example, the manage¬ 
ment strategy for northern goshawks in forests of the southwestern 
United States (Reynolds et al. 1992) is based largely on the diverse habitat 
needs of species that serve as prey for goshawks. In this case, management 
for this wide array of habitats could result in landscapes that would fall 
both structurally and functionally within their natural range of variation, 
thus accomplishing ecosystem diversity objectives. However, there are 
other cases where management for an individual species could be antithet¬ 
ical to the accomplishment of ecosystem management objectives. For 
example, management guidelines for old-growth-associated vertebrate 
species in the Sierra Nevada Mountains of California called for higher lev¬ 
els of canopy closure than had been recommended for other ecosystem 
objectives (USDA Forest Service 2003). Also, in many cases the area 
affected by management for an individual species will simply be too small 
to have a significant impact on ecosystem diversity objectives. So we con¬ 
clude that the use of this approach for target species at risk might be effec¬ 
tive in providing for ecosystem diversity objectives, but that this benefit 
will be the result of fortunate circumstances rather than the characteristics 
of the approach itself (rank C). 


Conservation of Surrogate Species 

The following approaches, with the exception of habitat assemblages, use a 
single species to reflect the needs of a larger group of species. The habitat 
assemblages approach groups species together to represent their common 
habitat needs. 


Umbrella Species 

Umbrella species have generally been defined as species that use similar 
habitats as other sympatric species, and whose area of occupancy on the 
landscape physically encompasses the occurrence of other species (Wilcox 
1984; Caro and O'Doherty 1999; Suter et al. 2002). Because of the large 
area requirement, the habitat needed for a viable population of an umbrella 
species may also provide for the habitat needs of sympatric species. 
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Umbrella species are used to specify the type and amount of habitat to be 
protected, but not necessarily specific locations (Berger 1997). 

Species Diversity Objectives 

A recent evaluation of applications of the umbrella species concept sug¬ 
gests that single-species umbrellas cannot ensure the conservation of all 
co-occurring species (Roberge and Angelstam 2004). Thomas et al. (1993) 
found that northern spotted owls served as an effective umbrella for about 
one-third of other vertebrate, invertebrate, and plant species associated 
with old-growth forests in the Pacific Northwest; a combination of spotted 
owls and marbled murrelets ( Brachyramphus marmoratus ) did better, 
lending protection to additional species. Suter et al. (2002) found that the 
grouse species Capercaillie ( Tetrao urogallus ) was an effective umbrella for 
other mountain bird species in the Swiss Prealps, but not for overall avian 
diversity. Rubinoff (2001) found that a bird associated with coastal sage 
scrub, the California gnatcatcher ( Polioptila californica), served as a poor 
umbrella for three species of butterflies also found in this habitat, but it 
could be argued that the gnatcatcher was an inappropriate choice for an 
umbrella species because the butterflies apparently had larger area 
requirements. Martikainen et al. (1998) concluded that white-backed 
woodpeckers ( Dendrocopos leucotos ) might serve as an umbrella for the 
decayed wood habitat required by threatened, saproxylic beetles in Fin¬ 
land. Poiani et al. (2001) found that the use of greater prairie chickens 
(Tympanuchns cnpido pinnatus ) as an umbrella species provided identifi¬ 
cation of more "biologically important land" than two other conservation 
approaches. Rowland et al. (2005) reported that greater sage-grouse ( Cen- 
trocercus urophasianus ) would serve as a relatively effective umbrella for 
sagebrush obligates but not for other species that are associated with sage¬ 
brush but also use other habitat types. Variability in success of these tests 
of umbrella species can be attributed to the care with which the umbrellas 
were chosen, the characteristics of the landscapes in which the tests were 
conducted, and the response parameters chosen for the tests. 

Effectiveness of the umbrella species approach in meeting objectives for 
RLK species received limited testing by Thomas et al. (1993). In old- 
growth forests of the Pacific Northwest, the use of northern spotted owls 
as umbrellas for rare species was judged to be inadequate. This was due in 
part to the fine-scale spatial pattern of rare species occurrences, which fre- 
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quently occupied smaller and more isolated patches of old forest than those 
that were protected for northern spotted owls. This pattern might hold 
true in other areas, and the umbrella concept would provide for rare species 
only when the occurrences of the rare species happened to coincide with 
those of the umbrella species (rank C). The same condition is likely to hold 
true for little-known species. Also, because the umbrella species concept 
relies on species with large area requirements, it is unlikely that it could be 
tailored specifically to address RLK species. 

Because umbrella species can be used to develop comprehensive conser¬ 
vation guidelines, we suspect that the concept might be moderately effec¬ 
tive in providing for viability of some other species. The foregoing tests 
tend to demonstrate that effectiveness. However, this success would be 
limited to some subset of other species because umbrella species address 
only one dimension of limitation (i.e., largest area requirement). Conse¬ 
quently we assigned it rank C. In most cases, we expect that the more com¬ 
prehensive focal species approach would be more effective. 

Genetic Diversity Objectives 

Under the umbrella species approach, management is directed at providing 
for viability of the identified umbrella species. Such management would 
deal with both the full range of the species in the planning area and appro¬ 
priate connectivity of habitat across the area. Such management would be 
beneficial in providing for genetic variation of the umbrella species. As 
with the approach based on concepts of population viability of individual 
species, we assign the umbrella approach rank B for effectiveness in meet¬ 
ing genetic diversity objectives of the umbrella species itself. The umbrella 
approach would only be partially effective in providing for genetic diver¬ 
sity of other species, and such effectiveness would be coincidental rather 
than being based on the design of the approach (rank C). 

Ecosystem Diversity Objectives 

We found no published tests of the utility of the umbrella species concept 
in meeting ecosystem diversity objectives. However, because the umbrella 
species concept focuses on species with large area requirements, it could be 
effective in identifying large habitat areas for protection, and such areas 
might have the appropriate attributes to accomplish some level of ecosys- 
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tem diversity objectives. Analysis done by FEMAT (1993) provides one 
working example. A conservation network designed around the needs of 
northern spotted owls was projected to be moderately successful in meet¬ 
ing the objective of maintaining an intact, interconnected, functioning old- 
growth ecosystem. Adding other umbrella species (e.g., marbled murrelets, 
salmon [Oncorhynchus spp.]) to the conservation design increased the 
likelihood of meeting ecosystem objectives. We expect that conservation 
designs based on multiple umbrella species would be more effective than 
single umbrella species in meeting ecosystem objectives. However, the 
likelihood that conservation efforts based on umbrella species would meet 
ecosystem diversity objectives is largely dependent on the characteristics 
of the species chosen as umbrellas (rank C). For example, species that still 
occur broadly across the landscape, and that are themselves dependent on 
a broad set of ecosystem characteristics, will be most likely to be effective 
in meeting ecosystem diversity objectives. Conservation designs based on 
the focal species concept, which identifies umbrellas for several different 
dimensions of species limitations, would likely be more effective in meet¬ 
ing ecosystem objectives than designs based on a single umbrella species. 


Focal Species 

The concept of focal species has been variously defined (chap. 6). For our 
evaluation, we accept the concept as defined by Lambeck (1997), who sug¬ 
gested that needs of all species could be represented by a set of species 
whose characteristics make them most sensitive to resource, area, or dis¬ 
persal limitations. 

Species Diversity Objectives 

Several authors have used Lambeck's (1997) concepts to develop landscape 
designs for species conservation (Bani et al. 2002; Snaith and Beazley 
2002). Watson et al. (2001) used the concept to develop spatially explicit 
conservation guidelines for woodland birds in southeastern Australia. 
They estimated that all woodland bird species would find suitable habitat 
in a landscape designed according to this set of guidelines. They cautioned 
that the guidelines might be inadequate since they were based on occu¬ 
pancy data for populations that might not have reached equilibrium in the 
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test landscape, and recommended that their hypothesis be tested through 
adaptive management. They concluded that the focal species concept was 
useful for developing spatially explicit guidelines for bird species, but cau¬ 
tioned that they had not tested the concept for other taxa. 

Effectiveness of the focal species approach in meeting objectives for 
RLK species has not been tested. (Kintsch and Urban's [2002] work, 
focused on rare plant species, is reviewed under the indicator species sec¬ 
tion despite their use of the term "focal species.") However, the species 
identified as focal using Lambeck's concept are likely to be those that 
occur less frequently on the landscape, simply because their occurrence is 
most limited by area, resources, or dispersal. Therefore, we conclude that 
application of the focal species concept to rare species could be used to 
design a landscape that would provide for viability of those species (rank 
B). This conclusion is based on the assumptions that (1) there is knowl¬ 
edge of the type, size, and distribution of habitats within which rare 
species occur; and (2) rare species occurrence is predictable based on these 
factors. Because this information would not be available for little-known 
species, the success of the focal species approach in meeting objectives for 
little-known species would be highly variable and difficult to assess or 
monitor (rank C). 

Similarly, because the concept can be used to develop comprehensive 
and spatially explicit conservation guidelines, we suspect that it can be 
effectively applied to provide for viability of other species (rank B). We 
expect that cross-taxonomic sets of focal species would be more likely to 
accomplish this objective because it has been frequently demonstrated that 
surrogates from one taxon are not efficient surrogates for other taxa 
(Lawler et al. 2003). Also, if the selection and use of focal species were 
based on knowledge of natural patterns of abundance and distribution of 
species, the concept could be used to meet the objective of managing for 
species in such patterns (rank B). 

Genetic Diversity Objectives 

The focal species approach is intended to identify a subset of species that 
represent all factors that might significantly limit populations of all species 
and to establish a strategy that provides for viability of those species. A 
well-developed application of this approach would consider both the over¬ 
all distribution of the focal species (at least in the area under consideration) 
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and the connectivity of the landscape for them. As with strategies for via¬ 
bility of individual species, the strategies for viability of focal species 
would include provisions for the diversity of conditions under which the 
focal species occur. So we conclude that strategies that provide for viability 
of focal species could also provide for maintaining the genetic variation of 
those species (rank B). Further, such strategies would provide for genetic 
variation in some additional species for which the focal species act as sur¬ 
rogates. This is not likely to be the case for all other species, so we conclude 
that the focal species strategy would provide incidental benefits for genetic 
variation of other species (rank C). 

Ecosystem Diversity Objectives 

The focal species concept is designed to look broadly across species on a 
landscape and to identify factors that could be critical in limiting the dis¬ 
tribution of those species. Because it is inherently based on concepts of 
species interactions throughout a landscape, it should be compatible with 
meeting both species and ecosystem needs within that landscape. For 
example, Raphael et al. (2001) proposed that 31 focal species could be used 
to design ecosystem management guidelines to meet the needs of a 
broader array of species of concern in the Interior Columbia River basin in 
the Pacific Northwest. However, several different forms of management 
could be used to implement guidelines developed under the focal species 
concept. For example, the size and distribution of habitat patches might be 
managed through a system of small reserves, or alternately through con¬ 
sideration of their occurrence over time in a dynamic landscape managed 
to mimic natural disturbance regimes. Since these two strategies could 
have very different effects on overall ecosystem diversity standards, we 
conclude that the focal species concept does not inherently meet ecosystem 
diversity objectives, even though it could be designed to meet such objec¬ 
tives under some circumstances (rank B). 


Guild Surrogates 

We discuss the use of a single guild member as a surrogate for other mem¬ 
bers of a guild in a later section (see "Conservation of Multiple-Species 
Groups—Guilds"). 
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Management Indicator Species 

"Management indicator species" (MIS) is a term used by the U.S. Depart¬ 
ment of Agriculture (USDA) Forest Service to describe a set of species used 
to judge the effects of management activities (Landres et al. 1988). Under 
1982 regulations (Federal Register, Vol. 47, No. 190, September 30,1982, 
36 CFR Part 219) that implemented the National Forest Management Act, 
national forests were required to select a set of MIS, estimate the effects of 
proposed management alternatives on them, monitor changes in their 
populations, and relate those changes to changes in habitat. New regula¬ 
tions issued in 2005 (Federal Register, Vol. 70, No. 3, January 5, 2005, 36 
CFR Part 219) no longer rely on the MIS concept, but national forests still 
operating under the 1982 regulations continue to use MIS. All MIS must 
be species that respond to management activities, and may include species 
of conservation concern; species with special habitat needs; species that are 
hunted, fished, or trapped; and species whose population changes may 
indicate the status of other species. Because there is broad latitude in the 
designation of MIS, any of the other surrogate concepts could be used to 
aid in their identification. Since the MIS requirement does not represent a 
unique surrogate approach, it is not possible to evaluate its effectiveness in 
meeting objectives. 


Biodiversity Indicator Species 

As described in chapter 6, biodiversity indicator species are used to iden¬ 
tify locations of other species or of communities (Caro and O'Doherty 
1999; Chase et al. 2000). Conservation of the biodiversity indicator may 
provide benefits for co-located species. 

Species Diversity Objectives 

Kintsch and Urban (2002) found common indicator plant species (that they 
termed focal) successful in predicting occurrences of rare species, with 62 
to 100% of rare species locations predicted by the occurrence of the indi¬ 
cator species. Fleishman et al. (2000) identified two butterfly species whose 
protection would also protect sites of 97% of all other butterfly species 
found in the same area. Fleishman et al. (2001) identified sets of plant and 
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butterfly species in California and Ohio whose protection would also pro¬ 
tect a large proportion of sites for most other species within the same 
taxonomic groups. However, these species were not effective as cross- 
taxonomic indicators. (In both the 2000 and 2001 studies, Fleishman et al. 
used the term "umbrellas." However, since the species were used to indi¬ 
cate other species locations and not types and amounts of habitat, it seems 
that they better fit the definition of "biodiversity indicators.") In a study 
of 35 forest sites in Australia, Pharo et al. (1999) found positive correla¬ 
tions between fern species richness and bryophyte species richness and 
between overstory species richness and bryophyte species richness. In a 
study of reserves surrounding the city of Chicago, Panzer and Schwartz 
(1998) found that plant community richness, plant species richness, and 
plant genus richness explained significant levels of variation in the rich¬ 
ness of insect species that were considered to require conservation atten¬ 
tion. Chiarucci et al. (2005) investigated the use of vascular plant richness 
as surrogates for fungal species richness. Their analysis of data from 25 
forest plots in Tuscany, Italy, suggested that vascular plants could not be 
used as surrogates to maximize fungal species diversity. Chase et al. (2000) 
tested the effectiveness of potential indicators for identifying areas of high 
species richness, or particular species composition within coastal sage scrub 
habitats. They found close associations between the presence of particular 
species and the composition of bird and small mammal communities but 
cautioned that additional data were needed to determine whether manage¬ 
ment for protection of the indicators would also result in protection of the 
associated species. 

The foregoing results suggest that, in some situations, biodiversity 
indicators could be effectively used to identify locations of both rare 
species and sets of intra- and intertaxonomic species. However, the mix 
of positive and negative results reaffirms the need for local data in 
determining whether surrogacy is warranted. Whether managing for 
viability of the biodiversity indicators would also provide for viability of 
the other species would depend on the type of management used, the 
similarity of habitat needs between the indicator species and the species 
being indicated, and whether the extant populations of those species 
represented a viable population. However, it appears that the biodiver¬ 
sity indicator approach could be used to develop effective management 
direction for both rare species and other species (rank B). Since initial 
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identification of biodiversity indicators requires substantial information 
on distribution of both target taxa and potential indicators, the approach 
would not be effective when applied to little-known species (rank D). 
Further, it is unlikely that this approach would provide for maintenance 
of other species in natural patterns of abundance and distribution (rank 
D). Since the approach focuses on existing locations of species, it would 
not provide information on the natural patterns of abundance and dis¬ 
tribution. 

Genetic Diversity Objectives 

Both Kintsch and Urban (2002) and Fleishman et al. (2000, 2001) 
showed that biodiversity indicators could be used to locate a substantial 
portion of the occurrences of target taxa. Management of these sites for 
the target taxa should provide for significant retention of their genetic 
variability (rank B). There is no indication that this approach would be 
effective in maintaining the genetic variability of other, nontarget 
species (rank D). 

Ecosystem Diversity Objectives 

Biodiversity indicators are used to indicate the presence of individual rare 
species or of biodiversity hotspots. Management that would be applied to 
the locations is not specified by the approach but would presumably 
include some mixture of active management and reserving some sites from 
management. However, since this approach is targeted at the locations of 
individual species, or specified groups of species, it is unlikely to result in 
the accomplishment of overall ecosystem objectives (rank D). 


Flagship Species 

Flagship species are species of high public interest that are selected to rally 
conservation support. Caro and O'Doherty (1999) note that they are fre¬ 
quently large, and may also serve as umbrellas, but that there are no strict 
criteria for their selection. They are not based on an ecological concept, 
which distinguishes them from other surrogate approaches. 
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Species Diversity Objectives 

To function as flagships, species must be reasonably well known to the 
public. Consequently, neither very rare species nor little-known species are 
likely to be selected as flagships, so the flagship concept is not intended to 
provide for viability of these species. Some coincidental benefits may 
accrue to the viability of RLK species (rank C). Although flagships may be 
large-bodied and have the characteristics of umbrella species, they are not 
intentionally selected to serve as surrogates for viability of other species, 
so benefits to those species are coincidental (rank C). 

Genetic Diversity Objectives 

Under the flagship species approach, management is directed at providing 
for viability of the identified flagship species. Such management would 
deal with both the full range of the species in the planning area and appro¬ 
priate connectivity of habitat across the area. Such management could be 
beneficial in providing for genetic variation of the flagship species (rank 
B). However, because flagship species are selected with no strong ecologi¬ 
cal criteria, management for the flagships is unlikely to provide represen¬ 
tation of the full range of ecological conditions in which other species 
occur. Thus this approach is likely to be ineffective in providing for genetic 
variability of species other than the flagship (rank D). 

Ecosystem Diversity Objectives 

Some flagships are large-bodied (Caro and O'Doherty 1999) and would 
likely have large area requirements. Management for such flagships could 
have a significant influence on overall ecosystem condition. However, many 
types of species could be designated as flagships and their management 
could take many forms, so effects on ecosystem objectives will be variable 
and coincidental rather than the result of intentional design (rank C). 


Conservation of Multiple-Species Groups 

Multiple-species approaches include management based on the require¬ 
ments of species that are identified to be part of a guild or a habitat assem¬ 
blage. 


Chapter 8. Alternative Strategies in Meeting Conservation Objectives 205 


Guilds 

As described in chapter 6, a guild is a group of species with common traits 
that may include behavior, diet, resource selection, and so forth. Most com¬ 
monly, guilds are sets of species that use the same or similar resources for 
the same life function. Guilds have almost always been defined within a 
single taxonomic group (but see Roberts 1987 for an example of guilds 
containing birds and mammals). 

We discuss two possible approaches. The guild surrogate approach is one 
in which one member of a guild is chosen to act as a surrogate for all other 
species in the guild. In the entire guild approach, the focus (e.g., monitor¬ 
ing) is on all members of a guild. Both approaches share common assump¬ 
tions that the population trends of all members of the guild are closely cor¬ 
related, and that changes in environmental conditions affect all members 
of the guild in a similar way Most research on guilds has focused on tests 
of these assumptions, with the general finding that species within a guild 
demonstrate different responses to environmental conditions and changes 
in those conditions (see chap. 6) and thus violate guild assumptions. Block 
et al. (1986) concluded that management for an indicator species within a 
guild might not meet the needs of other guild members and that monitor¬ 
ing of either a guild indicator or of an entire guild might not reflect popu¬ 
lation fluctuations of individual species within a guild. As an alternative, 
Szaro (1986) proposed that "response" guilds be based on multiyear data 
of species' responses to environmental change by simply grouping 
together species that showed similar responses. 

There has only been limited use of guilds to develop management direc¬ 
tion. Federal managers have used guilds of cavity excavators to develop 
guidance for snags and down dead wood, but there has been little testing 
of the effectiveness of those guidelines (Bull et al. 1997). 

Species Diversity Objectives 

Use of the guild approach to provide for viable populations of species has 
not been widely explored. Tests of the guild approach have investigated the 
underlying assumptions or explored the utility of guilds as monitoring 
tools. Guilds have rarely been used in developing conservation strategies. 
Properly defined guilds could potentially be effective in developing conser¬ 
vation strategies, even if population trends of guild members are not 
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closely correlated. In particular, the response guilds proposed by Szaro 
could be useful in the development of conservation strategies. However, 
this application of guilds requires significant data on population trends, 
and multiple guilds would probably be needed to provide for conservation 
of a broad array of species. Roberts (1987) provided a conceptual example 
of multiple guilds that could be used to represent key structural features 
of deciduous forest habitats. However, one shortcoming in the guild con¬ 
cept has been the failure to consider spatial needs of species. Guilds have 
focused primarily on needs of species within particular habitats, with little 
attention given to amounts or spatial arrangements of habitats. Thus the 
guild concept, in applications to date, has been weaker than either the 
umbrella or the focal species concepts in consideration of spatial needs of 
species. We conclude that the guild concept would be effective in providing 
for species viability only if species were not spatially limited, and we assign 
it rank C. 

We did not find any reported attempts to develop guilds of RLK species, 
or to test the effectiveness of guilds developed for other species in provid¬ 
ing for RLK species. Adapting the guild approach to RLK species would be 
difficult because (1) development of guilds requires significant knowledge 
of species' life histories (Block et al. 1986), and (2) guild indicators are most 
effective if they have large populations (Caro and O'Doherty 1999). We 
conclude that it is unlikely that the guild approach would be effective in 
the conservation of RLK species (rank D). 

Genetic Diversity Objectives 

The guild approach has been focused on requirements for specific habitats 
and not on the spatial distribution of populations. Thus, in application of 
the guild concept to date, it does not inherently maintain the variety of 
ecological conditions in which a species occurs. Consequently, benefits to 
genetic variability under the guild approach would be incidental and not a 
direct result of the guild approach itself (rank of C for both the guild indi¬ 
cator and the species that it represents within the guild). 

Ecosystem Diversity Objectives 

The utility of the guild approach for accomplishing ecosystem diversity 
objectives has not been demonstrated. Guilds constructed to represent key 
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structural features of habitats, as proposed by Roberts (1987), might be 
used to develop conservation strategies to accomplish ecosystem objec¬ 
tives. However, as noted earlier, there has been little consideration of 
landscape issues in the identification of guilds. Thus guilds as defined to 
date would likely perform poorly in accomplishing ecosystem objectives 
(rank D). 


Habitat Assemblages 

This approach involves identifying sets of species that use common macro¬ 
habitats. The scale and detail of macrohabitat definition may vary consid¬ 
erably in different applications. This approach is widely used by resource 
managers to develop a basic classification of fauna within a management 
unit but is not well represented in the scientific literature. Two variants are 
possible. First, one or more indicators represent the larger group of species 
in the habitat group and second, the entire group of species (see "Entire 
Habitat Assemblages" in chap. 6) is the focus. 

Species Diversity Objectives 

Canterbury et al. (2000) tested correlations of the occurrences of bird 
species within four habitat groups: mature forest, shrubland, forest edge, 
and generalists, and by diet, foraging, and nesting guilds. Correlations of 
occurrences between individual species and the groups in which they were 
included were highest for habitat assemblages. Wisdom et al. (2000) used 
habitat groups to assess changes in habitat availability for species of con¬ 
cern in the Columbia River basin. They subsequently (Raphael et al. 2001) 
used indicators from each group to focus the assessment of potential man¬ 
agement alternatives for federal lands in the basin. However, since these 
indicators were selected as focal species within each of the habitat groups, 
this was not an example of using habitat groups as a stand-alone approach. 
Wisdom et al. (2005) placed 40 species of conservation concern into five 
habitat groups in an assessment of Great Basin habitats and then used 
those groups to characterize habitat conditions within watersheds across 
the Great Basin. 

The use of habitat assemblages as a stand-alone approach for conser¬ 
vation of species is likely to provide only coincidental benefit (rank C). 
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Use of macrohabitat groups does not take into consideration either the 
details of habitat use considered in the guild approach or the various 
types of spatial and other limitations considered in the umbrella and 
focal species approaches. Therefore, in developing management strate¬ 
gies, more detailed needs of individual species within each habitat 
group need to be considered. The groups themselves would only be use¬ 
ful for very coarse direction on maintaining macrohabitats within a 
landscape. 

Genetic Diversity Objectives 

Because the use of habitat assemblages as a stand-alone approach would 
not be effective in providing for viability of species, we conclude that it 
would also be unlikely to provide for genetic variability of species 
(rank D). 

Ecosystem Diversity Objectives 

We found no published reports of the utility of the habitat assemblages 
approach in meeting ecosystem diversity objectives. It is unlikely that the 
development of habitat groups as a stand-alone approach would achieve 
ecosystem diversity objectives. Identifying the habitat groups would only 
be a first step in the development of conservation strategies. Unless com¬ 
bined with another approach, it probably would be ineffective in achieving 
ecosystem diversity objectives (rank D). 


Geographically Based Approaches 

Geographically based approaches include (1) managing for locations of 
individual target species at risk, (2) delineating hot spots or concentration 
areas of rare species, and (3) establishing reserves or protected areas 
designed to conserve biodiversity. These geographic approaches are based 
on the assumption that appropriate management of the delineated areas 
will provide for conservation of the species, their biophysical environ¬ 
ments, and/or the ecological system's characteristic processes (Flather et al. 
1997; Lubchenco et al. 2003). 
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Locations of Target Species at Risk 

Under this approach, documented locations of target species are protected 
and managed based on specific guidelines designed to sustain the species 
(see chap. 6). The difference between this approach and those described 
under "Conservation of Individual Species Based on Concepts of Popula¬ 
tion Viability" (chap. 6) is that it is most often based on presence of the 
species of interest, does not incorporate population estimates for known 
locations, does not attempt to quantify population viability of the target 
species, and does not generally provide for conservation of suitable but 
unoccupied areas or of habitat utilized for dispersal between the known 
locations. 

Species Diversity Objectives 

The effectiveness of this approach in sustaining viable populations of rare 
species has not been rigorously tested. This approach is the basis for the 
Survey and Manage program of the Northwest Forest Plan (Molina et al. 
2006, also see chap. 4), as well as a number of Bureau of Land Management 
and Forest Service management programs intended to sustain sensitive 
species. Short-term monitoring data have verified continued occupation of 
known locations by target species in some regions but in most cases data 
span only a few years. We conclude that in cases where known locations 
represent quality habitat, and management guidelines are adequate for 
sustaining this habitat as well as ameliorating threats, this approach has 
the potential for sustaining the presence, but not necessarily the viability, 
of populations of the target species (see table 8.1, rank of B for rare 
species). This approach is less likely to provide for the persistence of viable 
populations of little-known species, as location data are usually incomplete 
and information required for quantifying habitat needs and developing 
management plans is not available (rank of C). 

This strategy, when applied to RLK species, would not likely be effective 
in providing for population viability of other species. In one study, sites 
selected based on occurrence of rare species in five eastern U.S. states 
afforded some level of protection for 84% of all other species (Lawler et al. 
2003). Based on these findings, species that share particular habitat 
requirements with the target species (springs, seeps, etc.) might be bene- 
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fited. However, despite the co-occurrence of rare species with other species, 
sites protected for rare species would frequently be too small to provide 
significant benefit to many other species. For example, carnivores with 
large home ranges may not be protected well under this approach because 
known locations protected for rare species would be too small to encom¬ 
pass home ranges of the carnivores. We conclude that some benefits for 
other species might be realized, especially for those that co-occur with the 
target species and have similar habitat needs, but these benefits would not 
be the result of the inherent characteristics of the approach (rank of C). 

Genetic Diversity Objectives 

This approach can be tailored to some degree to retain genetic diversity of 
some target species (rank B), but contributions to genetic diversity of non¬ 
target species would be dependent on other factors (rank C). The target 
species most likely to benefit are those for which quality location data are 
available and either all known locations are protected or, if only a subset 
will be protected, the goal of maximizing genetic diversity is used in iden¬ 
tifying those locations to protect. An example of this approach was used on 
the Black Hills National Forest in selecting a subset of known locations of 
bloodroot (Sanguinaria canadensis ) for monitoring and management 
(Hornbeck et al. 2003). The selected subset included sites that represented 
the variety of plant communities where the species occurred, and also con¬ 
sidered geographic distribution as well as different types of threats. Such 
approaches that attempt to conserve genetic diversity represented in the 
area of interest may assist in meeting genetic diversity objectives of the 
target species, but whether benefits would also be realized for nontarget 
species is dependent on other factors. 

Ecosystem Diversity Objectives 

This approach is not designed to meet general ecosystem diversity objec¬ 
tives but might produce coincidental benefits. For example, managing for 
target locations of the Kirtland's warbler (Dendroica kirtlandii) would 
entail providing early successional jack pine (Pinus banksiana) forest 
(Probst and Weinrich 1993). If this serai stage were underrepresented rel¬ 
ative to long-term structural diversity goals, increasing this community 
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type might also help meet more general ecosystem diversity objectives. 
Further, using prescribed burning instead of cutting to provide early serai 
stage jack pine would provide some benefits along the lines of restoring 
disturbance regimes. However, in many situations, management for loca¬ 
tions of target species would be ineffective in meeting ecosystem diversity 
objectives (rank D). 


Species Hot Spots or Concentrations of Biodiversity 

The concept of identifying hot spots (Myers 1989) has been used to delin¬ 
eate concentrations of total species richness or various subsets of species of 
conservation concern, such as endemics and various rare species (chap. 6). 

Species Diversity Objectives 

Approaches that identify and manage hot spots of species richness may be 
effective in maintaining the occurrence of rare species for which high- 
quality distribution data are available but may not assure the viability of 
these species. This approach is more likely to maintain this subset of 
species if co-occurrence among target species is high and location data of 
just target species (as opposed to the entire species pool) are used in iden¬ 
tifying hot spots. For species that rarely co-occur with other species, pro¬ 
tection of hot spots will not be effective in their conservation. Further, by 
designating only species-rich sites for protection, sites with fewer species 
would not be identified for protection. Failing to protect sites with fewer 
numbers of species may inadvertently result in an inadequate number and 
quality of sites to sustain some species (e.g., see Kareiva and Marvier 
2003). Thus the effectiveness of this approach in maintaining viability of 
RLK species is strongly dependent on factors that are not accounted for in 
the approach (rank C). 

Preserving species-rich hotspots is unlikely to preserve the overall 
species pool. Wide-ranging species such as carnivores or species associated 
with ephemeral habitats that shift on the landscape may not be inherently 
protected through delineation of species-rich areas. Benefits of this 
approach to the entire species pool will be dependent on a variety of fac¬ 
tors not considered in the approach itself (rank C). 
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Genetic Diversity Objectives 

Hot spot approaches are unlikely to provide for genetic diversity of com¬ 
ponent species (rank D) because focusing solely on species-rich sites may 
eliminate less rich sites that are important to protect to sustain genetic 
variability of the component species. The only exception would be for 
species whose locations coincide with the boundaries of the delineated hot 
spots, for which the hot spots represent the maximum geographic distribu¬ 
tion of the species in the management area. 

Ecosystem Diversity Objectives 

Hot spot approaches, whether based solely on locations of RLK species or 
on the entire species pool, are not, by design, effective in meeting ecosys¬ 
tem diversity goals (rank D). Species-poor ecosystem and community 
types may be neglected, and species distributions and richness are poor 
surrogates for ecosystem processes (Conroy and Noon 1996). Sustaining 
both species-rich sites and those with only a few species may be important 
components of a landscape that has a capacity to sustain species in light of 
environmental changes. 


Reserves or Other Protected Areas Designed 
to Conserve Biodiversity 

The most sophisticated reserve designs seek to maximize efficiency; that is, 
contain the greatest number of biodiversity elements at the least cost; and 
consider complementarity, or the relative gain in conserving biodiversity 
elements as additional reserve units are added (chap. 6). Other important 
considerations in reserve designs include "representativeness," where a 
desired set of biodiversity elements are at least represented, as well as con¬ 
siderations of vulnerability, persistence, and replaceability of candidate sites. 

Species Diversity Objectives 

Reserve designs can be adapted to increase their effectiveness in meeting 
species diversity goals. For example, reserves can be designed to maximize 
the number of known locations of rare species and provide additional suit¬ 
able habitat. Noss et al. (2002) described an algorithm for prioritizing sites 
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to protect in the Greater Yellowstone Ecosystem. Their analysis showed 
that it was possible to protect all known locations of highly imperiled 
species by adding 43 "megasites" to the reserve. Such an approach would 
improve the likelihood that reserves would provide for viability of rare 
species (rank B). 

The degree to which little known and other species would be protected 
in reserves would depend on a number of factors. Reserve designs that 
attempt to incorporate representation of all natural communities in an 
appropriate landscape configuration while also protecting locations of rare 
species could be effective in providing for other, nontarget species (rank B). 
However, even such designs could only provide coincidental benefits to lit¬ 
tle-known species (rank C). 

Genetic Diversity Objectives 

Reserve designs can be adapted to sustain genetic diversity of some species. 
Reserve designs that protect all known locations of imperiled species (e.g., 
Noss et al. 2002) or focus on protecting endemic species with restricted dis¬ 
tributions (e.g., Ceballos et al. 1998) are more likely to sustain genetic 
diversity of the targeted species (rank B). The degree to which such 
approaches help meet genetic diversity goals of other species depends on 
how well the reserve design captures the extremes in the distribution of 
other species (rank C). 

Ecosystem Diversity Objectives 

Many existing reserves were not designed to be effective in meeting 
ecosystem diversity objectives. As pointed out in chapter 6, a number of 
existing reserves were designed around a single species or around scenic 
attractions or roadless areas. In recent years a broader set of biodiversity 
objectives have been proposed in developing reserve designs. Approaches 
that emphasize representativeness tend to be more effective in maintain¬ 
ing ecosystem types and serai stages and offer a better opportunity for 
maintaining more resilient landscapes. Noss et al. (2002) estimated that the 
addition of 15 "megasites" to the Greater Yellowstone Ecosystem would 
increase the representation of geoclimatic classes, which could potentially 
result in greater representation of ecosystem types and serai stages. 
Whether ecosystem types and processes would be sustained would depend 
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on the degree to which disturbance regimes could be restored and main¬ 
tained. Ideally, reserves could be designed to be large enough to maintain 
both the taxa and the ecological processes native to a bioregion over eco¬ 
logical time. This critical size was identified as the minimum dynamic area 
by Pickett and Thompson (1978). Reserves designed using these concepts 
could sustain ecological processes (rank B). 


Maintaining System Structure and Composition 

We classified approaches that focus on maintaining system structure and 
composition into two general categories: those based on an understanding 
of the range of natural variability (RNV), and those based on concepts 
other than RNV, including the use of key habitat conditions and managing 
for species that play critical ecological roles. 


Range of Natural Variability 

These approaches focus on maintaining the mix of ecosystems and serai 
stages across the landscape within the best approximation of a historic 
range of natural variability (RNV) (see chap. 7). It is frequently asserted 
that maintaining the mix of communities within RNV will provide for the 
current needs of associated species (Morgan et al. 1994). The approach 
assumes that adequate amounts of the ecosystem remain or can be 
restored and that threats such as introduction of exotic invasive species can 
be ameliorated. 

Species Diversity Objectives 

A variety of approaches that incorporate an understanding of RNV in 
restoring the mix of ecosystems and successional stages across the land¬ 
scape are described in the literature. For the most part, these approaches 
have only recently been attempted, and therefore long-term data on their 
effectiveness in meeting species diversity objectives are limited. 

Three management alternatives proposed for the Columbia River basin 
(USDA and USDI 2000) incorporated the concepts of RNV. Raphael et al. 
(2001) estimated the effects of these alternatives on 31 vertebrate species 
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considered to be of conservation concern using a Bayesian belief network 
model. The model incorporated attributes of the quantity and quality of 
habitat for each species, including a composite measure of their departure 
from the historical range of variability. Their results suggested that all 
alternatives would improve the abundance and distribution of most forest- 
associated species but would provide few improvements for species associ¬ 
ated with rangelands. Problems for rangeland species stemmed from a lack 
of available techniques to restore communities seriously affected by exotic 
plant invasion; such communities may be in an "altered state" whereby 
restoration of native plant communities may not be possible (Hemstrom 
et al. 2001). 

Two proposed alternatives in the Sierra Nevada Forest Plan amendment 
were designed to promote ecosystem conditions expected under RNV. One 
alternative emphasized restoration of ecosystem conditions and processes 
within RNV under prevailing climate; another was designed to actively 
manage entire landscapes to establish and maintain a mosaic of forest con¬ 
ditions approximating patterns expected under RNV (USDA Forest Ser¬ 
vice 2003). Analyses indicated that neither of these alternatives ranked 
higher than other proposed alternatives for meeting plant and animal 
diversity objectives. Instead, the alternative that incorporated species- 
specific guidelines for conserving rare species was judged to rank higher in 
meeting species diversity objectives. 

These examples suggest that, in some circumstances, approaches 
designed to maintain ecosystems and successional stages based on an 
understanding of RNV could be designed to provide for viability of many 
species in the species pool (rank B). However, to be successful in providing 
for viability, such approaches would have to consider RNV of macrohabi¬ 
tats (e.g., major vegetation types and successional stages and their arrange¬ 
ment on the landscape), microhabitats (e.g., snags and logs), special habitat 
features (e.g., seeps and springs), and human disturbances. For example, 
Litvaitis (2003) proposed that maintenance of "thicket-dependent" species 
in the northeastern United States will require more than simply maintain¬ 
ing pre-settlement levels of early successional habitat. Instead, for conser¬ 
vation efforts to be successful in maintaining this group of species, creative 
solutions that address other aspects such as high road densities, loss of spe¬ 
cial habitat features such as beaver dams, and habitat parcelization are 
needed. Such approaches may also provide habitat for some RLK species, 
but the degree to which viability for individual species is supported will be 
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dependent on other factors such as the treatment of individual sites occu¬ 
pied by the species (rank C). Since the concept of RNV does not consider 
individual species locations, many RLK species sites might not be protected 
under such approaches. 

Genetic Diversity Objectives 

Approaches designed to retain ecosystem types and successional stages 
based on their RNV would likely provide for genetic diversity of many 
common species, especially in ecosystems that have not been greatly 
altered since settlement (rank B). Genetic diversity of some rare species 
may be retained, as well. But, for many RLK species, the success of such 
approaches in retaining genetic diversity would be dependent on other fac¬ 
tors (rank C). 

Ecosystem Diversity Objectives 

Assuming that it is feasible to restore native ecosystem types and serai stages 
within RNV, such approaches have a high probability of meeting a number 
of ecosystem diversity objectives. One alternative of the Sierra Nevada For¬ 
est Plan amendment aims to establish and maintain a diversity of forest ages 
and structures over the landscape in a mosaic approximating patterns that 
would be expected under natural conditions, that is, conditions characterized 
by current and expected future climates, biota and natural processes (USDA 
Forest Service 2003). Ecosystems and ecological processes would be actively 
managed to maintain and restore them to desired conditions. Analyses indi¬ 
cated that some improvements in ecosystem diversity (i.e., providing for 
ecosystem types and serai stages within RNV) were achieved by this alterna¬ 
tive. Verification of these projected results requires long-term monitoring, 
but the theoretical basis for accomplishing the objective for ecosystem types 
and serai stages within RNV is sound, assuming that it is possible to mimic 
natural community mosaics using available tools (rank A). 

In regard to other ecosystem diversity objectives, if management were 
designed so that vegetation types and successional stages were created and 
maintained through the introduction of natural disturbance regimes, these 
approaches would be likely to achieve the objective of restoring distur¬ 
bance regimes (rank B). It could also be assumed that by providing habitat 
for many species in the species pool, the restoration of trophic structures 
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would be accomplished to some degree as well (rank B). The objectives of 
restoring nutrient cycles and key functional roles of organisms would be 
promoted by approaches that maintain ecosystem types and serai stages 
within RNV using natural disturbance regimes. However, since these func¬ 
tions may be partly dependent on individual species whose fate is uncer¬ 
tain under such approaches, we assigned rank C to the objectives of nutri¬ 
ent cycling and other processes. Finally, by providing for RNV of native 
ecosystems and successional stages, landscapes would likely retain a high 
level of resiliency in the face of long-term environmental changes (rank 
B). RNV-based approaches would be most successful in accomplishing 
these objectives if locations of various successional stages represented the 
entire geographic range available. We conclude that approaches that 
attempt to restore component ecosystem types and successional stages 
may have merit in meeting ecosystem diversity objectives, especially if 
resource managers can overcome political and legal constraints required to 
restore historic disturbances and consideration is given to maximizing the 
geographic range over which a given type occurs. 


Diversity of Habitat Conditions 

We evaluated two types of approaches that emphasize diversity of habitat 
conditions using concepts other than RNV: providing key habitat condi¬ 
tions, and managing for species that play critical ecological roles. 


Key Habitat Conditions 

This approach focuses on maintaining a mix of habitat conditions. The goal 
is not necessarily to provide these conditions based on RNV. Instead, the 
intent is to include the mix of habitat conditions, including their extremes, 
in an effort to provide habitat for a variety of species (Haufler et al. 2002; 
see chap. 7). 

Species Diversity Objectives 

A number of conservation plans incorporate the provision of key habitat 
conditions with the goal of sustaining species associated with this range in 
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conditions. Examples include the residual cover guidelines proposed in the 
U.S. Forest Service's Northern Great Plains plan that are designed to pro¬ 
vide a range of grazing intensities (USDA Forest Service 2001) and those 
proposed by Taft et al. (2002) for managing wetlands in California by pro¬ 
viding the extreme ends of the water depth spectrum to provide habitat for 
both diving birds and shorebirds. We are not aware of any empirical tests 
of the effectiveness of these approaches in meeting species diversity objec¬ 
tives, but such approaches seem likely to provide for the persistence of 
species associated with the range of conditions provided. For rare species 
associated with the habitat conditions provided, their occurrence would be 
likely, but whether populations were viable would be dependent on other 
factors (rank C). Rare species dependent on entirely different key condi¬ 
tions would not be benefited. Benefits for little-known species would 
depend on the degree to which they were dependent on the conditions pro¬ 
vided (rank C). Whether such approaches provided for the viability of 
other species or natural patterns of abundances of all native species would 
be dependent on other factors (rank C). 

Genetic Diversity Objectives 

Approaches designed to provide key habitat conditions might, in some 
applications, contribute to meeting genetic diversity objectives of some 
species (rank C). However, genetic benefits would usually be the result of 
factors that are not an inherent part of the approach such as whether these 
key conditions are geographically well distributed and consider the distri¬ 
bution of rare species. Benefits to little-known species would be dependent 
on their occurrence in, and dependence on, the habitat conditions provided 
in the approach. 

Ecosystem Diversity Objectives 

Approaches designed to provide key habitat conditions may contribute to 
meeting ecosystem diversity objectives, but such benefits are usually 
restricted to the ecosystems affected by the approach. For example, man¬ 
agement guidelines proposed by Taft et al. (2002) that provide a range in 
water depth of wetlands would not, by design, provide for other ecosys¬ 
tem types and their successional stages. Similarly, such approaches may 
restore ecosystem processes to some degree in the affected ecosystem, but 
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any benefits to other ecosystem types would not be inherent in the 
design. In summary, the effectiveness of approaches designed to provide 
key habitat conditions in meeting ecosystem diversity objectives depends 
on the approach being used, the diversity of resulting key conditions and 
affected ecosystems, and how widely the management guidelines are 
applied (rank C). 


Species That Play Critical Ecological Roles 

These approaches focus on restoring species that have large effects on com¬ 
munity structure or ecosystem function that are disproportionate to their 
abundance, and that perform roles not performed by other species or 
processes (Power et al. 1996). Included in this group of species are keystone 
species, which have a large effect on species diversity and competition, and 
ecosystem engineers that modulate physical habitat. 

Species Diversity Objectives 

There is evidence that restoration of species with critical ecological roles 
helps meet overall species diversity objectives as well. For example, for the 
nine vertebrate species that depend on prairie dog (Cynomys spp.) colonies 
and 20 species that opportunistically use these habitats (Kotliar et al. 
1999), maintenance of prairie dog colonies would be beneficial (Sharps and 
Uresk 1990; Mulhern and Knowles 1997). Other taxa, including nematodes 
(Ingham and Detling 1984) and birds (Agnew et al. 1986), may also bene¬ 
fit from maintenance of prairie dog colonies. However, the degree to which 
prairie dog colonies would provide for viable populations of both rare and 
common species would depend greatly on factors such as the number, size, 
and juxtaposition of the prairie dog colonies (Hof et al. 2002), as well as the 
effect of threats from other factors such as diseases and predation. There¬ 
fore, the benefit provided to other species by such approaches would 
depend on other factors (rank C). 

Restoration of species with critical ecological roles may result in 
increases of overall species diversity. American bison (Bison bison ) were 
reintroduced to a tallgrass prairie preserve in Kansas in 1987. Within a few 
years, increases in the abundances of forbs and an overall increase in plant 
species richness and diversity due to bison grazing and nongrazing activi- 
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ties were observed (Hartnett et al. 1996; Knapp et al. 1999). However, the 
degree to which the natural abundances and distributions of species could 
be restored through such an approach would be dependent on other factors 
(rank C). 

Genetic Diversity Objectives 

Reintroduction and maintenance of species with critical ecological roles 
may assist in retaining the natural genetic variation of both the introduced 
species and the associated species, but benefits would depend greatly on 
how well the species is established across the range of environmental con¬ 
ditions where the species naturally occurs (rank C). 

Ecosystem Diversity Objectives 

Restoration of species with critical ecological functions has the potential to 
meet some ecosystem diversity objectives, although effects along these 
lines are unlikely to be generalizable. Restoration and maintenance of 
prairie dog colonies can promote lower serai stage prairie habitat and assist 
in maintaining some ecosystem processes (Hansen and Gold 1977; Uresk 
and Bjugstad 1983; Knowles 1986). The degree to which the capacity of 
landscapes supporting prairie dog colonies would provide for diversity of 
species in the face of long-term environmental change would depend on a 
number of factors, including how well resulting colonies represent the 
maximum geographic range of the prairie dog. 

We conclude that the degree to which ecosystem diversity objectives are 
met through the restoration and maintenance of a species with critical eco¬ 
logical function such as the prairie dog would depend largely on the char¬ 
acteristics of the species, the manner in which it affects ecosystem diver¬ 
sity, and how extensively it is reintroduced and maintained (rank C). 


Maintaining System Processes and Functions 

We evaluated two approaches that focus on maintaining system processes 
and functions. The first focuses on maintaining disturbance regimes, and 
the second focuses on maintaining other ecosystem functions. 
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Maintaining Disturbance Regimes 

Maintaining disturbance regimes is considered an important aspect of 
maintaining the structure and function of many, if not most, ecosystems 
(see chap. 7). Many approaches that attempt to restore disturbance 
processes base management recommendations on an estimation of the 
range of natural variability of the disturbances under which the system 
evolved. This approach assumes that by restoring historic disturbance 
regimes (including frequency, intensity, timing, and spatial attributes), the 
functional and structural attributes will be restored as well. In reality, we 
found few examples where success in restoring all aspects of historic dis¬ 
turbances could be proclaimed. 

Species Diversity Objectives 

Conceptually, providing for disturbance regimes under which a given sys¬ 
tem evolved should provide a sound basis for sustaining associated species. 
In actuality, long-term studies that evaluate the effectiveness of distur¬ 
bance-based approaches in maintaining species diversity are rare. Even for 
the well-studied Konza Prairie Research Natural Area in Kansas, where 
efforts to restore historic disturbances began in the 1970s (Hulbert 1973), 
there is uncertainty about the long-term effects on species diversity. Initial 
research was limited by burning treatments that encompassed only a few 
hundred hectares in only one season (Hulbert 1985). Despite recent 
increases in the scale of treatments and studies (Knapp et al. 1999), infor¬ 
mation is still limited by the small scale of treatments relative to histori¬ 
cal scales and by the near absence of data on the response of some taxa. 

The effectiveness of such strategies for meeting overall species diversity 
goals may be tied to how well historic disturbance regimes can be emu¬ 
lated. A high level of what Jordan et al. (2003) term "pyrodiversity," 
including varied fire regimes across landscapes and over many decades that 
include a range in fire intensities and severities and variable seasonality in 
accordance with natural rhythms, is expected to best enhance overall 
species diversity. Morrison et al. (1995) found that increasing the variabil¬ 
ity of the length of time between fires in sandstone communities in Aus¬ 
tralia was associated with an increase in species richness of both fire-tolerant 
and fire-sensitive species. In some situations it is possible that viable pop- 
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illations of some other species could be maintained by restoring and main¬ 
taining disturbance regimes, but this would not be guaranteed. Andersen 
et al. (2005) found that most taxa associated with tropical savannas in Aus¬ 
tralia were very resilient to fires, regardless of seasonality; yet riparian 
vegetation and associated stream biota, as well as small mammals, were 
mostly associated with unburned areas. Therefore, management designed 
to provide some less frequently burned areas might be required to main¬ 
tain viable populations of fire-sensitive species. Parr and Andersen (2006) 
concluded that there is a need for more critical consideration of the levels 
of pyrodiversity needed to maintain diversity and greater attention to 
developing management guidelines for such approaches. 

We conclude, therefore, that strategies that incorporate historic dis¬ 
turbance regimes have the potential to be designed to provide for viabil¬ 
ity of some species (rank B), and may lead to natural patterns of abun¬ 
dances (rank B). However, the degree to which such approaches result in 
viable populations of RLK species would depend on other factors (rank 
C), and viability of populations would not be guaranteed without viabil¬ 
ity assessments. 

Genetic Diversity Objectives 

Approaches designed to restore disturbance regimes based on their natural 
range of variation would potentially provide for genetic diversity of species 
that benefit from such disturbances. For rare species, some tailoring might 
be required to provide habitat conditions the species require across as 
broad a geographic area as possible. For little-known species, success in 
retaining genetic diversity would be dependent on other factors. Overall, 
we assign approaches designed to restore disturbance regimes a rank of C. 

Ecosystem Diversity Objectives 

As discussed in chapter 7, strategies aimed at restoring disturbance 
processes are fraught with a number of practical and logistical issues that 
would need to be overcome to meet other ecosystem diversity objectives. 
Accounting for the rarity of some ecosystems and the small size of 
remaining patches of many vegetation types are not trivial problems to 
overcome. For example, remaining patches need to be large enough to 
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allow for disturbances to occur at an appropriate scale and intensity (Pick¬ 
ett and Thompson 1978). Restoring disturbance regimes would have a 
good chance of maintaining nutrient cycles, but the degree to which 
trophic structures and key functional roles of organisms are maintained 
would depend on the degree to which component species are restored. To 
the degree that restoring historic disturbances results in a heterogeneous 
landscape that spans the maximum geographic range available, such 
approaches have the potential to provide for resiliency in the face of long¬ 
term environmental changes. 

We conclude that approaches that focus on restoring disturbance 
regimes could be designed to be effective in meeting some ecosystem 
diversity objectives in some circumstances (rank B). Especially in relatively 
intact ecosystems, restoration of disturbances has the potential to lead to 
restorations of species patterns and system processes. 


Maintaining Other Ecosystem Processes 

This section reviews other management strategies that seek to restore and 
maintain other ecosystem processes. We found only two examples where 
management strategies designed to restore key ecological functions were 
attempted. The first example was a functional groups approach proposed 
by the Forest Ecosystem Management Assessment Team (1993), whereby 
arthropods associated with late-successional forests in the Pacific North¬ 
west were aggregated into 11 functional groups based on their ecological 
roles. The team then rated seven land management options as to their suf¬ 
ficiency in providing adequate habitat on federal lands to provide for well- 
distributed populations of the various functional groups. This approach 
focused on the functional aspects of the species and was necessitated by the 
fact that a great number of arthropods have not been identified, and distri¬ 
butional information was not adequate to conduct individual species via¬ 
bility assessments. The ultimate utility of this approach has not been 
tested. 

The second example is the management strategy for northern goshawks 
in southwestern U.S. forests, which was based on a food web strategy, 
whereby the habitat needs of the primary prey species of the goshawk 
were used in developing management guidelines (Reynolds et al. 1992). 
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Species Diversity Objectives 

Either of the approaches already described might provide for the occur¬ 
rence of some RLK species but would not necessarily provide for the via¬ 
bility of those populations. Given that the functional groups proposed for 
late-successional forests in the Pacific Northwest encompass a variety of 
trophic levels (predators, herbivores, pollinators, and decomposers) as well 
as community types (aquatic, riparian, coarse wood, litter, understory, for¬ 
est gap, canopy, and epizootic forest species), there is a potential that some 
subset of species in other taxa might be captured as well. 

Because the goshawk management guidelines result in a high diversity 
of habitat conditions of southwestern forests, their implementation would 
be expected to provide for the occurrence of species associated with the 
resulting range of conditions. Whether the patterns of species occurrences 
that result from implementing the goshawk guidelines emulate their nat¬ 
ural patterns depends on how well the habitat needs of these specific prey 
species represent natural habitat patterns in southwestern forests. The 
degree to which little-known species are accommodated by implementing 
these guidelines would be unknown. We conclude that approaches that 
attempt to provide for ecosystem functional attributes such as food webs 
or functional groups might provide habitat for rare, little-known, and com¬ 
mon species, but benefits are not predictable (rank C). 

Genetic Diversity Objectives 

The degree to which approaches that focus on functional aspects of ecosys¬ 
tems such as functional groups of arthropods or food webs meet the objec¬ 
tive of restoring or maintaining the natural genetic variation of species 
would depend on attributes other than the approach itself (rank C). 

Ecosystem Diversity Objectives 

The functional groups approach proposed for arthropods associated with 
late-successional forests in the Pacific Northwest would rank highly in 
regard to restoring key functional roles of arthropods, but whether this 
benefit extended to other ecosystem diversity objectives would depend on 
other factors. As discussed earlier, since the management guidelines for 
goshawks in southwestern U.S. forests result in a great variety of habitat 
conditions and are based on the subset of goshawk prey species, implemen- 
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tation of these guidelines has the potential of restoring some portion of the 
natural variation of native ecosystem types and serai stages. 

We conclude that approaches that focus on restoring some functional 
aspect of ecosystems, such as functional roles of arthropods or food webs, 
have the potential to meet some ecosystem diversity objectives, especially 
related to those ecosystem structures and functions associated with the 
species or species groups that are featured in the approach. Ecosystem 
diversity attributes not addressed in the approach would not likely be pro¬ 
vided, and therefore we assigned a rank of C for ecosystem processes. 
Whether or not landscapes with the capacity for resiliency of species in the 
face of long-term environmental change would result would depend on 
other factors (rank C). 


Summary of Effectiveness in Conserving RLK 

The primary focus of this book is conservation of RLK species. Successful 
conservation efforts must deal with both short-term and long-term 
sources of risk. In an attempt to consider all potential sources of risk, this 
chapter has taken a comprehensive view of conservation approaches and 
objectives. Some of those approaches tend to focus on short-term risks, 
such as protection of known species sites, while others incorporate longer- 
term risk and system resiliency. In this section we summarize success of 
the approaches in dealing with both short- and long-term risks associated 
with the conservation of RLK species. 

Our evaluation of the various species-based and system-based 
approaches (see table 8.1) indicates that none is adequate to reliably meet 
all conservation objectives and thus meet both short- and long-term needs 
for conservation of RLK species. For most, effectiveness in meeting specific 
conservation goals depends on how they are implemented (ranks B and C). 
Some approaches are better designed for short-term conservation of RLK 
species. Others may perform well in the conservation of a broad array of 
more common species and habitats. Still others have their primary 
strength in addressing ecosystem-level objectives, including the long-term 
resiliency of those ecosystems. 

To better understand underlying causes for the performance of the 
approaches, we examined how well each approach addresses seven of the 
elements that are key to species conservation (table 8.2). These are use of 


226 CONSERVATION OF RARE OR LITTLE-KNOWN SPECIES 


macrohabitats, use of fine-scale habitat features, spatial arrangement of 
habitat, habitat dynamics and resiliency, current species locations, biotic 
interactions of the species, species demographics, and species genetics. We 
rated the degree to which each approach addresses each of these elements 
(see table 8.2). An approach was rated 1 for an element if that element is a 
primary consideration of the approach and 2 if the element is a secondary 
consideration of the approach or addressed in at least some applications of 
the approach. A dash in the rating table indicates that the element is not 
addressed through the approach. 

Ratings for table 8.2 were based on the descriptions of the conservation 
approaches presented in this chapter and information on those approaches 
from both this chapter and chapters 6 and 7. The ratings reflect an 
informed judgment about the elements of conservation that are addressed 
by each approach, but they are subjective and cannot represent nuances of 
every possible application of an approach. 

As with the ratings for effectiveness of the various approaches (see 
table 8.1), the evaluation of species conservation elements (see table 8.2) 
was complicated by the fact that different approaches are targeted to dif¬ 
ferent sets of species, or to overall systems rather than species. Conse¬ 
quently, the question of how the approaches address species-related ele¬ 
ments takes on different meanings for different sets of approaches. For 
the individual species approaches, we evaluated how well the approach 
addresses the individual species under consideration. For the surrogate 
approaches, we evaluated how well the approach addresses the set of 
species being represented by the surrogate. For the geographic 
approaches, we evaluated how well the approach addresses the species or 
set of species targeted by the approach. For the system approaches, the 
term "habitat" was treated as a major vegetation type rather than habitat 
specific to a species. 

Based on our evaluation of species conservation elements (table 8.2), the 
approach that comes closest to addressing all seven elements associated 
with species conservation is the development of conservation strategies for 
individual species based on concepts of species viability. Its long-term 
effectiveness may be limited, however, by lack of consideration of habitat 
dynamics. This shortcoming could be managed through an adaptive man¬ 
agement approach, but other shortcomings such as the high cost, particu¬ 
larly when applied to many species, and lack of the necessary data, are 
more difficult to overcome. 


Table 8.2. The degree to which each approach addresses seven elements important to species conservation 
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Table 8.2. Continued 


hP 

CM 

OS 

bC 

cT 


.2 cS 

cq & 


« p 

.2 o 

'u ’rt 

Ph u 

</> o 


5 >> 

3 g 


g 3 


03 

hP 


CD 


.5 ^ 

Ph 


03 

O 

5—i 

P- 

P- 

< 


CD 

Ph 


P 

03 

PC 


CL, 


CD 

bo 

<d 

> 

Jh 

_o 

cb' 


CD 

}-, 

Ph 

3h 

CD 

P 


03 

PC 


& 


> 

Z 

2 p ^ 

3 o ^ 

g'S o 

g> g 


bO 

p 


p 

03 

PC 


6 biD bJD 
Oh g P .+- >, 
p ’bo ’bo 2 Tb 

o « « S c 

<p c P > o 

•2 S Tl 03 03-^3 Vh 

I &lSS^55 


P=) 

03 

PC 


CD 

PC 


CD 

Ph 

>"> 

P 

O 


bo 

CD 

> 

s ^ 

cfl' 

E 

<x> 

03 

CD 

P 

3-1 

Ph 

3h 

CD 

P <N 


P=> 

o3 

hP 

S CN 
£ 


'1 s 


p 

o 

bo t> 
P P 
p 

c /3 P < 4 C 

- a c 

(D P S 

g-:i a 


CD 

S p 
UJ$ 

<d +3 
p o 
8 M> 

p .s 

«$ p 

rP -P 
3-h 03 

3 S 

<3 


VI 


« 

3 a> 

S -£ 

S O 

CL C 
.2 -£ 
i 11 

£ -a -2 
£ £ 'o 
(U _C -45 

'a; Pi S 

a E _ 


S 

E? 1 


O 'TS 
■j3 <u 
^ £ 


; W 

j ^ 

! <u 

£ 


habitat, dispersal habitat, winter habitat), and so forth. 

Habitat dynamics—deals with changes in habitat over time and ability of habitat to persist during disturbance and/or restore itself after disturbance. 
Current species locations—sites that are currently occupied by populations of the species. 

Demographics—vital population rates of the species and factors that influence those rates. 

Genetics—genetic composition of the species' populations, and factors that influence that genetic composition. 
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Four of the surrogate approaches (focal species, umbrella species, 
guilds, and habitat assemblages) tend to focus on habitat use by the sur¬ 
rogate and the set of species represented by the surrogate. There is noth¬ 
ing inherent to these approaches that leads to consideration of the current 
locations or demographics of species or of habitat dynamics and system 
resiliency. The biodiversity indicator approach has its strength in denot¬ 
ing the locations of one or more species but does not address the other 
factors. The flagship approach does poorly in addressing any of the seven 
elements. 

The system approaches tend to focus on habitats and dynamics of those 
habitats. Note however that under these approaches there is no knowl¬ 
edge or intentional manipulation of habitats associated with any particu¬ 
lar species. Rather, they provide for the major compositional and struc¬ 
tural components of vegetation that serve as habitat, and for the 
underlying processes that lend resiliency to systems. These approaches 
fail to explicitly consider species locations or demographics. 


Conclusion 

It is clear that no single approach acts as a comprehensive conservation 
strategy. This mirrors the findings of authors (Caro and O'Doherty 1999; 
Carignan and Villard 2002; Kintsch and Urban 2002; Kareiva and Marvier 
2003; Hess et al. 2006) who have cited the need to combine approaches to 
provide for effective conservation. For example, RLK species that are 
small bodied, and therefore are expected to have small home ranges, 
might be most efficiently managed through approaches that focus on cur¬ 
rent species locations. Rare species for which habitat requirements are 
well understood and landscape configuration of habitat is important could 
be managed through the focal species approach. Species for which 
requirements and risks are complex and involve significant biotic interac¬ 
tions may need individual consideration that involves the concepts of 
population viability. Systems approaches may be needed in addition to 
species approaches to provide for overall function and resiliency of the 
ecosystem. Finally, it is important to remember that management strate¬ 
gies developed through any of these approaches are hypotheses that 
remain to be tested, and that validation of those hypotheses requires col¬ 
lection of local data. 
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Social Considerations 

John D. Peine 


This chapter describes social considerations and consequences to 
include in the analysis of alternative approaches to conserve rare or little- 
known (RLK) species. A comparison of social and ecological systems is help¬ 
ful. Ecological ecosystems can be referred to in the context of structure, 
process, and functions. "Structure" refers to species composition within 
communities and their distribution across attributes such as biomass, age 
class, reproduction, and mortality. "Process" describes what drives the sys¬ 
tem, such as climatology, nutrient cycling, and species evolution and succes¬ 
sion. "Functional" refers to elements that include habitat characterization 
and the role of the species and community in the food chain. At various 
stages nutrient cycling processes such as uptake, decomposition, and min¬ 
eralization are considered functional elements of ecosystems (Odum 1956). 

As a corollary to biological systems, consider navigating social systems 
in the context of structure, process, and functions. Social structure may be 
expressed in the context of units of social interaction and association, such 
as family and friends, commercial enterprise, voluntary association, public 
agencies, communities and neighborhoods, and governmental units. Typi¬ 
cal parameters used to describe structure include age, gender, ethnicity, 
occupation, and income. Social processes may be defined in terms of insti¬ 
tutional systems directing social knowledge and values; order in terms of 
policy and politics; and the production of goods and services, ergo capital 
and wealth. Typical parameters to describe process include the interaction 
of social, cultural, and economic positions related to any given issue of con¬ 
cern. The degree of social orientation and economic dependency on natu- 
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ral resources is a direct link between human and natural resource dynam¬ 
ics. Elements of social function include raising and providing for a family, 
entertainment and leisure, and intellectual and spiritual enlightenment. 
Typical parameters reflecting social function include income and educa¬ 
tional level, orientation of values, and lifestyles and leisure activities. These 
social dynamics may be greatly influenced by and reflect the context of the 
natural environment within which society functions (Peine et al. 1999). 
The challenge is to identify those social elements relevant to the biological 
analysis of alternative conservation strategies for RLK species. It is 
instructive to identify social considerations for any given case in the con¬ 
text of social structure, process, and function. 

This chapter describes relevant social considerations and how to incor¬ 
porate them into the analysis of alternative conservation strategies being 
considered for RLK species. The array of social dimensions included is 
admittedly broadly cast so as to provide a holistic perspective on the social 
challenges of environmental conservation. Human values are at the center 
of social considerations in evaluating alternative strategies for conserva¬ 
tion of RLK species. Understanding the values at play in any given conser¬ 
vation alternative is the social considerations equivalent to knowing the 
biological functions necessary to support suitable habitat for an RLK 
species of concern. The difference is that these social values are not 
absolutes but rather starting points that allow us to define where common 
and conflicting interests exist and the potential for collaboration. 

Other social considerations included in this chapter focus on factors 
influencing the decision-making process, such as alternative land protection 
strategies, institutional dynamics and risk taking, and the role of laws and 
statutes, politics, and religion. Several case examples are included to illus¬ 
trate how decision-making processes have been applied in various circum¬ 
stances, what values were in play, what were the influencing social factors, 
what social indicators were used and measured, and whether the conserva¬ 
tion goal for the RLK species of concern was achieved. The fundamental 
social building blocks to achieve that ultimate goal via the communications, 
analysis, and decision-making process include the following objectives: (1) 
cultivating inclusiveness, (2) maintaining a holistic social perspective, (3) 
maximizing stakeholder benefits, and (4) institutionalizing the implemen¬ 
tation of the preferred conservation strategy. This social considerations 
foundation will enhance the potential to establish long-term conservation 
buy-in by the parties involved—the ultimate goal. The challenges are for- 
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midable as the drumbeat of land use conversion from open space to devel¬ 
opment accelerates at a current rate of 2 million acres per year in the United 
States (Dowling 2000; Land Trust Alliance 2005). But there is also a grow¬ 
ing social consensus that environmental stewardship values are pervasive. 
Environmental conservation has become a bipartisan issue of concern by a 
majority of Americans (Lubchenco 1998; DiPeso 2002). 

A litany of metrics is routinely measured to gauge the social dimensions 
of species conservation (Glesne and Peskin 1992; Taylor 1994). Citizen sur¬ 
veys are commonly used to measure social dimensions but are limited in 
their application to understanding the complexity of social dimensions sur¬ 
rounding species conservation (Fiorino 1990). Public forums may also be 
problematic if they become dominated by a few vocal individuals with 
strong opinions (Lukensmeyer and Brigham 2003). The tenor of dialogue 
can easily become adversarial and confrontational. Content analysis is a key 
social science tool that can be applied to a variety of social dimensions: liter¬ 
ature review, public policy documents, news articles, organizational litera¬ 
ture, Web sites, video and audio tapes of meetings, and meeting documenta¬ 
tion (Krippendorff 1980). To achieve a deeper perspective on the social 
dimensions of RLK species conservation strategies, focus groups and per¬ 
sonal interviews are effective tools. Interactive Web sites are a relatively new 
strategy being applied to solicit personalized feedback as well (Higdon 2003). 

And on a final introductory note, just how common are little-known 
species? The preponderance of species has not been identified (Wilson 
1999). For instance, the first of its kind All-Taxa Biodiversity Inventory 
being conducted since 1999 in the approximately 500,000 acre Great 
Smoky Mountains National Park has to date identified about 12,000 
species, 4666 of which are newly documented in the park, and of those, 651 
are new to science. There are an estimated 50,000 to 100,000 nonmicrobial 
species in the park (ATBI 2006). One of the greatest social considerations 
challenges is how to convey to the global human population the value of 
these little-known and unknown species and their habitat as indicators of 
environmental health and species richness. 


Social Goals and Objectives 

As referenced in chapter 2, the challenging social goal is to establish a 
long-term commitment by all sectors of society to maintain sustainable 
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populations of RLK species. It is one thing to support the principal of envi¬ 
ronmental stewardship in general but quite another to support a specific 
conservation strategy for an RLK species that might directly impact indi¬ 
viduals, their families, and their jobs. The following objectives provide the 
building blocks to achieve this ambitious goal: 

• Insure equitable inclusiveness among stakeholder participation 
in the planning, analysis, and decision-making process that evalu¬ 
ates alternative conservation strategies to sustain RLK species. 

The importance of achieving this objective is documented in sev¬ 
eral case examples of RLK species conservation. 

• Maintain a holistic and nonpartisan social perspective of the 
social considerations and consequences of alternative RLK species 
conservation strategies under consideration. These include the 
range of social values, social structure and welfare, cultural her¬ 
itage and values, natural resource utilization, institutional 
dynamics and risk taking, political influence, and the social 
dimensions of decision making. 

• Maximize an array of social and economic benefits to the 
degree practical without compromising the RLK species conserva¬ 
tion goal. Conservation strategies that focus on this objective, 
particularly on privately owned land, are more likely to succeed 
in the long run. 

• Establish and maintain an institutional framework for sustain¬ 
ing the chosen conservation strategy. This critical social consider¬ 
ation is illustrated in several case examples of successful RLK 
species conservation practices. 


Values 

The sections on social, structural and welfare, cultural, and natural resource 
values following here include discussion of the components of those values, 
factors that contribute to the formulation of those values, and suggested 
indicators to measure them. A series of case examples discuss conservation 
strategies to sustaining RLK species and illustrate how indicators of various 
values were measured, analyzed, and applied to decision making. 
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Social Values 

According to Merriam-Webster (www.m-w.com), the term "social val¬ 
ues" as used in this section refers to individuals, families, and like- 
minded cooperatives and communities. Identifying relevant social values, 
how deeply they are held, and in what context is a social process. The 
human values listed below summarize a broad spectrum. The relative 
importance of these values will likely vary as to the context of the social 
process and relevancy to any given RLK species conservation strategy 
under consideration. Personal values can be quite divergent from collec¬ 
tive values represented by families, communities, businesses, and politi¬ 
cal interests. The components of social values briefly described below 
offer some context on this topic, but they are invariably interrelated to 
some degree for any given circumstance associated with alternative con¬ 
servation strategies under consideration. Stewardship and aesthetics tend 
to be at the top of the list of social values espoused by advocates of 
species conservation. The following social values are listed in order of 
probable social consideration relevancy to assessing alternative conserva¬ 
tion strategies for RLK species. 

Stewardship 

Since the publishing in 1962 of Silent Spring by Rachel Carson, followed 
by the first Earth Day on April 22,1970, there has been an emerging social 
awareness and endorsement of a stewardship ethic for the natural environ¬ 
ment (Hand and Van Liere 1984; Kempton et al. 1995; DePeso 2002). Var¬ 
ious indigenous cultures have held such values for generations, but society 
drifted away from such a close relationship to the earth with the industrial 
revolution and the urbanization of society (Jung 1964; Nolt and Peine 
1999). 

A basic understanding of how the public perceives environmental issues 
has become increasingly important in the development of policy and plan¬ 
ning related to the conservation of RLK species. Over the years, sociolo¬ 
gists and natural resource managers alike have attempted to discover a 
scale by which to measure environmental values and attitudes. Several 
paradigms with accompanying measurement scales have been developed to 
distinguish a spectrum of environmental beliefs. As environmental issues 
came to the forefront in public policy during the late 1970s, the new envi- 
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ronmental paradigm (NEP) scale became an important tool in the meas¬ 
urement of environmental attitudes. Developed by Dunlap and Van Liere 
(1984), the NEP scale was intended to measure the proenvironmental 
stewardship shift that was becoming more evident in the study of environ¬ 
mental beliefs. A positive reaction to the NEP scale emphasized a shift 
from more traditional understanding of the environment as a tool for 
human use to cognition of the environment as something that must be 
protected and respected for its own sake. The NEP has important implica¬ 
tions for the natural resource manager. The use of the NEP to isolate 
demographic variables that correlate with a positive environmental world¬ 
view allows planners and land managers to better understand the human 
dimensions of the areas in which they work. Research findings indicate 
that environmental stewardship is more likely to be embraced by young 
people, the more highly educated, those with higher incomes, those with a 
liberal political philosophy, those living in an urban area, and those 
employed outside of primary industries (Scott and Willits 1994). See the 
introductory section on social structure. 

Privately owned lands adjacent to protected areas are focus areas for 
new development (Freyfogle 1998). In-migrants into rural areas are more 
knowledgeable on environmental issues, more concerned about the envi¬ 
ronment, place higher priority on environmental protection, and are more 
engaged in activities that promote environmental values than nonmi¬ 
grants (Jones et al. 2003). The propensity for environmental stewardship 
can be assessed from public surveys, focus groups and personal interviews, 
assessment of environmental policy and governance practices, and/or con¬ 
tent analysis of literature generated by the media or special interest 
groups. Stewardship values are likely to be more prevalent in the follow¬ 
ing circumstances. 

The distinction of public land ownership is suggested as a key perspec¬ 
tive on stewardship, aesthetics, and sense of place (Kessler et al. 1992). Peo¬ 
ple tend to focus on "their parks" when expressing environmental con¬ 
cerns. Public surveys are standard tools to measure stewardship values. For 
instance, a survey of visitors to Great Smoky Mountains National Park 
found that the park attribute contributing most to the quality of the park 
experience was visitor knowledge that the natural environment was 
healthy and well cared for. Park facilities and services consistently ranked 
relatively lower (Morse 1988). This is a classic example of how important 
environmental stewardship can be to users of public lands. 
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The Siouxon Valley case example illustrates how stewardship values 
prevailed when the public had a voice in decision making. The Siouxon is 
one of the few remaining pristine lowland valleys located in the Gifford 
Pinchot National Forest near Portland, Oregon. In 1990, the U.S. Depart¬ 
ment of Agriculture (USDA) Forest Service initiated an integrated 
resource analysis of the area. Public input was initially solicited during five 
scoping meetings. A social values assessment was initiated by first con¬ 
ducting a limited number of personal interviews using a draft question¬ 
naire to gain a more in-depth reflection of opinions on the area and to 
pretest a visitor and mail-back survey instrument (Hansis 1997). Visitors 
to the areas were interviewed and mail-back surveys sent to a sample of 
households in the Oregon-Washington region. Results of the analysis 
indicated that most of the public preferred that the late-successional forest 
area remain roadless and be managed for primitive forms of recreation 
(e.g., allowing footpaths and primitive campsites but no vehicular access). 
The majority also supported wild river designation for Siouxon Creek. 

However, national versus local perspectives on stewardship of public 
lands can be contentious. Local people who rely directly on federal lands 
for their livelihood and/or recreation are very likely to have "selective" 
perspectives on stewardship that are protective of their special interests 
(Karp 1996). An example illustrating this dichotomy is the controversy 
related to the northern spotted owl habitat conservation plan in the 
Pacific Northwest, which is discussed later in this chapter (Noon and 
Blakesley 2006). Examples of public and commercial interests that can 
jeopardize the habitat of RLK species include overgrazing, poaching of 
wildlife, off-road vehicle use, forest clear-cutting, oil and gas drilling, or 
open pit mining. 

Aesthetics 

Hargrove (1989) defines aesthetics as traditionally beautiful, sublime, pic¬ 
turesque and the scientifically interesting. The old cliche "beauty is in the 
eyes of the beholder" suggests that this social value is subjective and diffi¬ 
cult to quantify The focus in the context of RLK species conservation is to 
assess whether or not the setting of critical habitat necessary to sustain the 
RLK species of concern includes the social value associated with a sense of 
beauty inherent in nature and picturesque landscapes. Individuals react dif¬ 
ferently in defining their sense of aesthetics so it is difficult to identify indi- 
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cators of a common denominator. Indicators reflecting a degree of natural¬ 
ness summarized below are suggested to imply a sense of aesthetic values. 

• Natural landscapes. The degree of naturalness of the landscape 
can be a useful indicator for quantifying aesthetic values. 

Description of land cover types provides useful indicators such as 
native vegetation; topographic relief; and the presence of water, 
forest or grasslands, open space, and/or agricultural fields. These 
types of landscapes hold aesthetic values for many people (Bell 
1999). More than one-half of the population living near wilder¬ 
ness areas do so because of the presence of these lands (Rudzitis 
and Johansen 1991). Analysis of satellite imagery to categorize 
landscapes can provide a means to quantify this value (Bell 1999). 

The accelerating movement of the U.S. population toward coastal 
areas is in part a reflection of the aesthetic value of being near 
the coastline (Frey and Speare 1992). 

• Solitude. The opportunity to become one with nature with 
minimal distraction is an important human dimension of the aes¬ 
thetics of the environment. One of the principal values derived 
from natural/wilderness areas is escape—an opportunity for tem¬ 
porary release from the routine and pressures of everyday life 
(Hendee et al. 1968; Stankey 1973). The degree of solitude may 
be an indicator of the likelihood that a sense of beauty and/or 
spirituality associated with nature will be strongly felt. 

Delineation of roadless areas of a given size, such as 2000 
hectares or more, is a useful parameter to measure this attribute. 

These areas also serve as sanctuaries for RLK species, an attribute 
rarely discussed in the ongoing debate about reversing the federal 
policy of setting aside roadless areas (Falk and Holsinger 1991). 

• Spirituality. Possibly the least-recognized social value associat¬ 
ed with the environment and species conservation is that stem¬ 
ming from the spirituality that some segments of society associ¬ 
ate with the natural world. Such perspectives are not necessarily 
associated with any formal religion (Kellert 2002). The organiza¬ 
tion Creation Care is an evangelical environmental network that 
raises awareness of climate change and other environmental 
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issues (www.creationcare.org). There is a kind of primal heritage 
association that some people make when experiencing the natural 
environment. Native American peoples invariably have a rich 
heritage of environmental attitudes and values about place, which 
originate from a much different cultural conditioning and mind¬ 
set (Swan 1989). The built environment of modern society tends 
to be very place-generic, reflecting a growing sameness in social, 
cultural, and environmental context (Calthorpe 2000). 


Structure and Welfare 

This section focuses on values related to personal and family structure and 
welfare in the context of analysis of alternative strategies to conserve RLK 
species. The structure and welfare values are listed following here in the 
order of their probable relevancy to the conservation of RLK species. Eco¬ 
nomic considerations associated with social structure and welfare are 
addressed in chapter 10. Natural resource managers invariably support the 
need to understand the condition of the natural resources and habitat 
required to sustain populations of RLK species. There is just as great a need 
to understand the social structure and welfare conditions of people, partic¬ 
ularly those with vested interests in the alternative conservation strategies 
under consideration (Wondolleck and Yaffee 2000). They are most likely to 
be directly affected by natural resource management decisions and there¬ 
fore are usually the ones whose support is most important to obtain. This 
information is central to achieving the third social considerations objective 
for the conservation of RLK species mentioned earlier, to maximize social 
and cultural benefits. Understanding the social structure and welfare con¬ 
text helps to navigate the building of collaboration and consensus. It is 
insightful for leaders in natural resource management to follow the old 
adage, "walk a mile in my moccasins." 

Implications of the social demographics related to the NEP theory on 
environmental stewardship discussed earlier apply to the parameters 
expressed here. As described by psychologist Abraham Maslow, human 
needs can be portrayed in a hierarchical range from basic survival and 
security needs at the bottom of a triangle to the need for self-realization at 
the apex. Higher-order needs emerge as lower-order needs are satisfied 
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(Mehta and Ouellet 1995). People tend to be most fundamentally con¬ 
cerned with livelihood, health care, safety, housing, education, and finan¬ 
cial security They are likely to be interested in government programs that 
support those basic needs, particularly within the family context. Environ¬ 
mental concerns are not likely to be ranked above those societal needs pre¬ 
viously mentioned unless environmental conditions directly threaten 
those fundamental individual needs. 

On the other hand, the characteristics and condition of the natural envi¬ 
ronment have significant influence on the perceived sense of place and 
quality of life (Rutzitis and Johansen 1991). Environmental stewardship 
values are likely to be related to social structure and welfare values. Cer¬ 
tainly the assertion that human welfare is a key social consideration in 
RLK species conservation was vigorously supported by a panel convened 
at the Innovations in Species Conservation Symposium (ISCS) held in 
2003 (ISCS 2003). Their charge was to address the question: How does 
society perceive, support, challenge, or interact with various conservation 
approaches? For instance, panelist Tom Story from the San Diego mayor's 
office referred to Maslow's scale of needs indicating that family well-being 
comes first before environmental conservation. To paraphrase Tom Story, 
when approached concerning RLK species habitat conservation, the first 
question on a landowner's mind is: How will this impact my family wel¬ 
fare? Suggested indicators of social structure and welfare values follow in 
order of probable relevancy to RLK species conservation. 

Population Dynamics 

Key human population indicators include community size, population 
density, population change, and the degree of rurality. Trends in commu¬ 
nity size and population density are sometimes related to expressed satis¬ 
faction with social conditions. Stinner and Van Loon (1992) evaluated the 
relationship between community size and satisfaction using data from a 
statewide telephone survey in Utah. They found that the natural environ¬ 
ment was one factor determining community satisfaction. Population den¬ 
sity and migration patterns are indicators of social conditions. High den¬ 
sity of people is correlated with greater likelihood of increased crime and 
degraded environmental conditions. Rapidly expanding populations strain 
community infrastructure (Howe 1987). Beginning in the 1960s, increas¬ 
ing numbers of people in the United States have escaped the urban setting 
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to the suburbs. Such out-migration is frequently associated with deterio¬ 
rating social conditions such as a loss of available jobs, increased crime, and 
a decline in educational services (Wilson 1987). Urban and exurban sprawl 
continues today as some people are now escaping the sameness of the built 
suburban landscape to the more distinctive character of small satellite 
towns (Davis et al. 1994). As far back as 1989, Raines (1989) found that 
nonmetropolitan counties in the United States were experiencing greater 
average rates of population growth than metropolitan areas. These dynam¬ 
ics are of concern when evaluating alternative conservation strategies for 
sustaining populations of RLK species located on privately owned lands in 
a projected urban-wildlands interface. In those cases, long-term projec¬ 
tions of development growth patterns and their impacts on the environ¬ 
ment should be a first order of business. The Environmental Protection 
Agency Region 4 has developed the Southeastern Ecological Framework 
for just that purpose (Durbrow et al. 2002). Other EPA regional offices are 
now conducting similar analyses (Rick Durbrow, pers. comm., 2006). 

Commute time to and from work, a parameter included in the U.S. cen¬ 
sus, can be an indicator of a lack of available preferred jobs close to home 
(Davis et al. 1994). Greater commute time suggests an inadequate job mar¬ 
ket but in many cases may also be in response to a preferred quality of 
home life that people are willing to make compromises to sustain. More 
and more, regions with scenic landscapes in sparsely populated areas are 
becoming fast growth regions as more people desire to live there (}ones et 
al. 2003). Natural resource managers are becoming more cognizant of cur¬ 
rent and projected future land use conversion patterns triggered by sprawl, 
particularly in the context of habitat fragmentation for RLK species (Dur¬ 
brow et al. 2002). Urban planners continually struggle to stem the tide of 
sprawl and entice people to rediscover the benefits associated with an 
urban lifestyle. Exurban transportation planners are now beginning to 
evaluate the implications of highway development on the environment 
(Elowe 1987; Davis et al. 1994; Durbrow et al. 2002). Land use conversion 
driven by sprawl is the greatest threat to forests in the southeastern 
United States with implications for RLK species (Wear and Bolstad 2004). 

Family Structure 

Family structure relates to social structure, welfare, and cultural values. 
With the dramatic social shift from the traditional nuclear family to a rap- 
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idly growing variety of personal relationships living under one roof, the 
contemporary family structure is an important indicator of social condi¬ 
tion (Vosler 1996; Botts 2003). Single-parent households, female heads of 
households, and family size are likely to be related to levels of income, 
education, and ethnicity In the United States, almost half of today's chil¬ 
dren are not living on a regular basis with both birth parents (Dawson 
1991; Botts 2003). As a result, one can conjecture that orientation to the 
natural environment for children in their formative years, which has tra¬ 
ditionally been passed on from one generation to the next within families, 
may be significantly altered for those living in nonnuclear families. Reduc¬ 
tion in awareness and utilization of natural resources within family groups 
may have implications for the conservation of RLK species of concern. 
There are new campaigns designed to get children outdoors. The National 
Park Service's version is "Leave no child indoors" (Soukup 2006). 

Education 

Formal education provides empowerment to escape an unsatisfactory 
social condition. Parameters selected to profile education should reflect the 
quality of the education services available and the level of achievement 
(Downey 1994). Providing for a quality education should be a priority gov¬ 
ernment service at all levels. Too often, there is significant disparity 
between urban versus rural and rich versus poor communities because 
public education has traditionally been funded with local property taxes. 
The level of education achieved tends to be positively correlated with the 
degree of endorsement of environmental stewardship values, and these 
become relevant to the conservation of RLK species (Kanagy et al. 1994: 
Tindall 1994). 

Safety 

There are many dimensions of safety and security ranging from risks of 
personal assault and property damage in the home and neighborhood to 
risks while driving to school and the workplace. The potential disparity of 
security conditions within a geographic area is of particular concern. Nat¬ 
ural resource managers need to be particularly cognizant of this funda¬ 
mental dimension of the quality of life. In addition, public land managing 
agencies spend significant resources dealing with crime in national parks, 
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forests, wildlife reserves, and natural areas so they are familiar with secu¬ 
rity issues (Pendleton 1996). 

Safety has also become a major issue at the urban-wildlands interface 
where humans and carnivores coexist. In the rapidly growing region of 
south Florida, for example, the remnant Florida panther population (Puma 
concolor coryi) has increased from 30 to approximately 100 with the 
release of eight female cougars (P. c. Stanley ana) in 1995 from southern 
Texas (Maehr et al. 2002). The 2.5 million acre Florida Panther National 
Wildlife Refuge where panthers are primarily located is adjacent to the Big 
Cypress National Reserve and Florida Everglades National Park. A recent 
panther encounter by a local resident has raised concerns about human 
safety (Scoloff 2006). The U.S. Fish and Wildlife Service has devised a land¬ 
scape model of panther movement patterns and predictions of where new 
development might be located to minimize the potential for wildlife- 
human encounters (Maehr et al. 2004). Developers are being counseled on 
how to minimize the potential for panther encounters with humans (Larry 
Richardson, USFWS, pers. comm., 2006). This is a case where environmen¬ 
tal stewardship and human safety values conflict (Defenders of Wildlife in 
Scoloff 2006). There is no resolution at this point to insure survival of this 
high-profile endangered species. 

Poverty 

The concern for poverty is rightfully a major component of most public 
social agendas. Natural resource managers should be aware of the poten¬ 
tial for inequity of environmental health among socioeconomic classes 
(Szasz 1997). This concern is an important consideration for the third 
social considerations objective mentioned earlier: maximize benefits asso¬ 
ciated with RLK species conservation. Personal observation suggests that 
in rural areas in close proximity to federal lands in the Appalachian Moun¬ 
tains, low-income families are being displaced by wealthy in-migrants, 
thus changing the social, cultural, and economic dynamics of the region. 
These low-income families have occupied the region for generations and to 
some degree have lived off the land via firewood, hunting, fishing, and 
small-scale agriculture. Land purchases by new in-migrants have greatly 
increased land values and significantly increased the size of the environ¬ 
mental footprint per household. 
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Cultural Values 

Cultural dimensions expressed here are those most likely to have rele¬ 
vancy to the conservation of RLK species. According to Merriam-Webster 
(www.m-w.com) "cultural values" reflect the pattern of social behavior and 
the state of being cultured reflecting intellectual and moral faculties. Cul¬ 
tural behavior reflects the anthropological context in which people live. 
The past is seen to symbolize the familiar and known, and hence is reas¬ 
suring and conducive to a feeling of security and continuity. The past is 
often of particular interest because it relates to previous events and places 
relevant to our own lives and those of our families (Taylor and Konrad 
1980). History, ancestry, and a sense of cultural cohesion have the ability 
to cause emotional and symbolic links with specific places in the environ¬ 
ment. The influence of the environment on culture has been shown in sto¬ 
ries passed down through Native American tribal custom and culture. Spe¬ 
cific areas are considered to be sacred because of their linkages with the 
tribe (Swan 1989). Howell (2002) proposes that there should be an 
expanded role for the cultural sciences in environmental planning and 
stewardship. The intent of this section is to provide a brief characterization 
of key cultural indicators that can be incorporated in the process of assess¬ 
ing alternative conservation strategies for RLK species. Suggested indica¬ 
tors of cultural values follow in order of probable relevancy to species con¬ 
servation. 

Cultural Traditions Related to the Environment 

The U.S. census includes information on ancestry, though cultural orien¬ 
tation has become diluted over time (Farley 1991). Family traditions con¬ 
cerning resource utilization and stewardship values can be reflective of the 
heritage of cultural ancestry from native lands dating back several gener¬ 
ations (Taylor and Konrad 1980). It is insightful to be aware of these 
dynamics when determining vested interests of various constituencies in 
the conservation of RLK species. Local and regional cultural traditions 
sometimes reflect the natural landscape setting and utilization of natural 
resources (Howell 2002; Noon and Blakesley 2006). Relationships with 
nature are manifest in innumerable ways, some of which may be of partic¬ 
ular importance for any given management issue. Relevant cultural tradi- 
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tions can be cataloged via oral history (Thompson 2000), a procedure com¬ 
monly practiced by the U.S. National Park Service. State Historic Preser¬ 
vation Officers have access to county cultural resource surveys, which can 
be very helpful (www.cr.nps.gov/nr/shpolist.htm). Frequently, these tradi¬ 
tions center on utilization of native species in family traditions. For 
instance, a literature search in ethnobiology conducted for Great Smoky 
Mountains National Park found that over two-thirds of the species pres¬ 
ent were known to be used by people (Campell et al. 1985). 

Time in residence, an indicator recorded by the U.S. Census Bureau, 
builds emotional bonds to place, particularly during the adolescent stage of 
life (Williams et al. 1992). Length of residency can be a good indicator of 
public attitude toward stewardship and utilization of natural resources 
(Peine et al. 1999). For an area growing rapidly in a setting rich in scenic 
beauty and other natural resource amenities, growth is likely to be in part 
a response to the landscape setting (Jones et al. 2003). Jones et al. indicate 
that newcomers are more likely to be proponents for managing growth so 
as to protect the resource conditions that attracted them to the area in the 
first place. This is particularly true of new retirees who harbor specific 
expectations in their lifestyle and landscape setting. Long-time residents 
revere the resources as well but are more likely to be reluctant to accept 
zoning or other means to control development (Fortmann and Kusel 1990; 
Peine and Stephens 1997). 


Natural Resources Utilization 

People consume goods and services both directly and indirectly from the 
natural environment. Examples of direct consumption include extraction 
of minerals and petroleum, timber, wildlife, and plant materials. Some of 
these practices are renewable and others not. These natural resources are 
used either as end-use goods or as inputs into the production of other 
goods and services. Indirect consumption occurs with nonconsumptive 
activities that use the natural environment to produce services (e.g., recre¬ 
ational activities and natural insurance). Natural insurance occurs when 
ecosystems act to buffer the market economy from external shocks to pro¬ 
duction and consumption. For example, forest systems provide protection, 
thus insurance from flooding due to weather events (Crocker et al. 1998). 
In addition, ecosystem attributes or services such as scenic beauty, air qual- 


Chapter 9. Social Considerations 251 


ity, water quality, and climate indirectly influence a community's eco¬ 
nomic health through their influence on business location, job creation, 
and income levels in a region (Johnson and Rasker 1995). This exemplifies 
the interrelationships of social and economic values. The economic values 
associated with renewable and nonrenewable natural resource utilization 
is discussed in detail in chapter 10 but is briefly mentioned here to empha¬ 
size the close relationship between social and economic values within the 
context of assessing alternative conservation strategies for RLK species. 
Several of the case examples of conservation strategies applied to sustain 
RLK species in this chapter are focused on competing social and economic 
interests on federally owned lands. 


Conservation Strategies 

An often overlooked social consideration is the evolution of creative 
strategies to protect open space and critical habitat for RLK species. Land 
use change reflects generational evolution. For instance, the baby boomer 
generation is selling off family farms to liquidate equity, which results in 
more land to meet the growing demand for exurban sprawl development 
(Briassoulis 2000). As land use conversion accelerates in the United States 
at a current rate of over 2 million acres per year (Land Trust Alliance 
2005), ecosystems become more fragmented and open space parcel sizes 
become smaller. This trend will accelerate into the future. 

To address this extraordinary challenge, the Region 4 office of the U.S. 
Environmental Protection Agency has created the Southeastern Ecologi¬ 
cal Framework, a tool to ascertain critical regional ecosystems supporting 
species richness and diversity as well as a system of environmental cor¬ 
ridors to sustain a cohesive network (Durbrow et al. 2002). The assem¬ 
blage of georeferenced databases will soon be web-enabled to increase 
access for planning and conservation of RLK species. Other EPA regional 
offices are initiating similar projects. A related analysis, initiated at the 
state level in Oregon, conducted a statewide analysis of biological diver¬ 
sity and sustainability risk assessment. A state model was then created to 
define and implement stewardship incentives to conserve biodiversity 
and RLK species (Vickerman 1999). Their incentives program is a robust 
example of the third social considerations objective discussed earlier in 
this chapter—maximize benefits to stakeholders. Highlights include 
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offering something for everyone, flexibility to meet diverse require¬ 
ments of landowners, focusing incentives in a regional context (including 
incentives to promote cluster development), and conducting environ¬ 
mental policy analysis to minimize inconsistency among all levels of 
government. 

Because the federal estate is finite, in the future other stakeholders and 
landowners will become increasingly important in protecting habitat for 
RLK species. For example, regional and local governments working in part¬ 
nership with local land trust nongovernment organizations have been 
remarkably successful in protecting habit of RLK species. The total acres 
conserved by 1667 private land trusts in the United States increased by 
54% in the last 5 years to 37 million acres (Land Trust Alliance 2005). 
Conservation tax incentives for making a charitable donation of a conser¬ 
vation easement are expanding. 

Press et al. (2006) make the case that local and regional agencies in con¬ 
cert with land trusts are well suited to conserve habitat of RLK species. 
They advocate a convergence of scale among land trusts, community and 
regional open space districts, greenways, and parks. They focused on a case 
study encompassing four counties in the central coastal region of Califor¬ 
nia. The co-occurrence of endemic species in relatively small areas made 
the ambitious plans compelling. The specialized habitats are serpentine 
outcropping and coastal dune-coastal scrub areas. Alternative conservation 
strategies evaluated included special-area zoning, transferable develop¬ 
ment rights, conservation easements, and purchase of development rights 
(Wright 1994, cited in Press et al. 2006). The authors concluded that out¬ 
right purchase was the conservation strategy of choice due to some uncer¬ 
tainty with the longevity of other options and the high value of develop¬ 
ment rights. A combination of land trusts and regional and local 
governments are collaborating to complete the purchase of these critical 
habits with a variety of fund-raising strategies. 


Institutional Dynamics and Risk Taking 

The complexity associated with the conservation of RLK species can be 
exacerbated by the context of institutional groupthink and tradition. Effec¬ 
tive leadership can entail risk in thinking outside the box. 
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Institutional Influence on Decision Making 

According to Ostermeier (1999), there are several important considera¬ 
tions regarding decision-making processes and the evolution of institu¬ 
tional positions associated with use of natural resources and species con¬ 
servation. First, decision-making processes have become increasingly 
adversarial, where participants have learned to stand firm on positions 
they believe to be their "rights" concerning the pursuit of economic oppor¬ 
tunity or protecting environmental integrity Shannon (1991) states, "The 
discourse of divisiveness created by our current social, economic and polit¬ 
ical institutions threatens our capacity to address sustainability" 

Second, natural resource decision making has become exceedingly 
procedural. Both managerial and judicial checks on administrative and 
legislative processes are heavily process oriented. Adversaries will seek to 
uncover even the smallest procedural deficiencies. "The adversarial, win- 
lose nature of judicial and administrative appeals promotes strong, one¬ 
sided argumentation from each of the affected parties, with little incen¬ 
tive to think of creative solutions that bridge diverse interests" (Yaffee 
1994). 

Third, natural resource and environmental decision making has become 
increasingly complex and technical. A key driver of this dynamic is the 
compunction to avoid legal challenge to policy and resources management 
practice. The court system has become the "elephant in the room" for 
environmental conservation. Primary participants have become represen¬ 
tatives of government and special interest groups. The role of the citizens 
has been marginalized. By empowering our institutions, such as govern¬ 
ments, interest groups, and courts, conflict resolution is less likely to 
involve communities and their members. In so doing, alternative commu¬ 
nity values compete with each other without engagement by the most 
affected parties. 

Fourth, this adversarial and interest-driven decision-making system has 
become entrenched in the political system. Although legislative decision 
making often results in "splitting the difference" among interest groups, 
rarely does the process result in creativity or new approaches. As a result, 
local institutions have effectively been preempted. 

And fifth, these institutional arrangements have become ends in them¬ 
selves. Institutions are systematic, and self-preservation is an ultimate 
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force. Exerting their power is likely to marginalize the significance of the 
role of individual citizens in the decision-making process. Citizens lose, or 
never develop both the ability and desire to represent their interests rela¬ 
tive to others. 


Federal Land Management Agencies 

Federal land management agencies have diverse congressional mandates 
and policies that have developed over decades. Policies may conflict 
between different agencies concerning a particular resource issue. Each 
agency has a distinct culture that to some degree reflects social dynamics. 
Sometimes different factions within institutions have different perspec¬ 
tives on natural resource utilization and/or environmental conservation 
practices. In addition, there has consistently been inadequate funding for 
environmental stewardship activities (Alkire 2003). Striking a balance 
between natural resource utilization versus species conservation is an 
ongoing challenge. Vining (1992) found that the general public and envi¬ 
ronmental groups are more inclined to change forest management plans to 
protect the environment than natural resource managers. 

Conservation of RLK species is challenging and often requires taking 
risk due to uncertainty of the science (see chaps. 4 and 5), the openness of 
stakeholders to work collaboratively, and who holds political sway in the 
decision-making process (Peterman and Anderson 1999). Courage is an 
attribute that allows leaders to take necessary risks in order to work 
toward a solution on a critical problem. Because of the difficulty in calcu¬ 
lating when the risk is warranted, experience and knowledge become of 
paramount importance. A resource manager will need to define the impli¬ 
cations of inaction in the context of stakeholder values and sustainability 
of the RLK species of concern. 

Administering the Endangered Species Act has become an institutional 
risk-laden challenge (Lieben 1997). For a variety of reasons, the U.S. Fish 
and Wildlife Service has been reluctant to designate required Conserva¬ 
tion Habitat Plans for listed threatened and endangered species (Noss et 
al. 1997; Wilcox and Elderd 2003). These studies suggest that, as a result, 
court-mediated implementation of critical habitat designation has greatly 
impeded full implementation of the law. Part of the problem is a lack of 
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adequate funds to devise the recovery plans, but it goes beyond that. 
Political controversy is at the heart of the issue. One study found Democ¬ 
rats are generally more supportive of listed species conservation and 
Republicans are more likely to focus on private property rights (Czech 
and Borkhataria 2001). Hagen and Hodges (2006) call for change of criti¬ 
cal-habitat guidelines to a decision-analysis framework that will make 
critical habitat strategies scientifically and legally workable as a conserva¬ 
tion tool. 

Finally, arguably one of the most contentious examples of designating 
critical habitat centered on the northern spotted owl (Strix occidentalis 
caurina). In 1993, President Bill Clinton placed approximately 9.7 million 
ha of federal lands in Washington, Oregon, and Northern California under 
ecosystem management, seeking to protect old-growth forests and over 
1000 RLK species associated with them (Noon and Blakesley 2006). This 
policy shift also reduced federal timber sales by more than 75%, adversely 
affecting about 300 rural communities (Swedlow 2002). The ensuing pol¬ 
icy decision was in response to a federal mandate by Congress for several 
federal agencies to collaborate in conducting a scientifically sound analysis 
centered on conservation strategies for the northern spotted owl, a charis¬ 
matic megafauna (Noon and Blakesley 2006). Studies showed that the 
number of territorial nesting females had declined significantly and that 
old-growth forests are preferred for nest sites (Thomas et al. 1990). The 
conservation plan to conserve old-growth forests became controversial due 
to the plan's economic consequences. Litigation focused on scientific 
uncertainty. Timber industry lawyers labeled scientists as conservation 
advocates (Noon and Blakesley 2006). As a result, decision makers were 
placed in a highly politically charged position. 

Yaffee (1995) maintains that the northern spotted owl controversy in 
the Pacific Northwest old-growth forests is an example where federal 
agency leaders lacked courage and "effectively turned over their role as 
agents of managed organizational and policy change to other voices, both 
inside and outside the agency." He further states "their response to the 
changes underlying the issue was inadequate in either resolving the con¬ 
troversy or building an agency less likely to find itself in similar situations 
in the future." He asserts that this lack of courage and abdication of 
responsibility further exacerbated and extended the conflicts and set poor 
precedent for future controversies and the future in general. 
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Political Influence 

The political stage is where the collective manifestations of conflicting 
social values and institutional dynamics can influence policy decisions 
concerning conservation of RLK species. Political changes in perspective 
on environmental policy are inevitable and have varied among federal 
administrations. Robbins (2004) argues that political agendas, the struc¬ 
ture of the decision-making process, and financial resources used to 
aggrandize a position have great influence on whether the dynamics of a 
process for devising a habitat conservation plan for a listed species is 
based on conflict or compromise. The number of new listings of endan¬ 
gered species varies among presidential administrations and reflects 
political positions due in part to the resources applied to the process 
(Stinchcombe 2000). All of these dimensions are interrelated but not 
necessarily of comparative influence. 

Voting records by the U.S. Congress provide a good mechanism to 
quantify political perspective. Project Vote Smart (2003) has thoroughly 
documented U.S. congressional voting records on environmental issues. 
Such an analysis is conducted periodically by groups representing differ¬ 
ent philosophical perspectives, such as the League of Conservation Voters 
and the Competitive Enterprise Institute, which represent advocates and 
adversaries of environmental conservation, respectively. On environmen¬ 
tal legislative issues, members of Congress are frequently polarized in 
their positions and provide graphic portrayal of diversity among leader¬ 
ship values. Dunlap (1992) found that members of Congress representing 
constituencies that were young, white, urban, and above average in 
socioeconomic status had higher than average proenvironment voting 
scores. 


Social Dimensions of Decision Making 

Collaboration is essential to sustain environmental health and popula¬ 
tions of RLK species (Wondolleck and Yaffee 2000). The three social 
consideration objectives expressed earlier of inclusiveness, a holistic 
nonpartisan perspective, and maximizing benefits to stakeholders, are 
the building blocks for a successful decision-making process. It is impor¬ 
tant to recognize, however, that decision making evolves as dynamics 
change. Flexibility is necessary but so are structure and neutrality of 
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perspective by those leading the process. The inevitable complexity of 
assessing alternative conservation strategies for RLK species conserva¬ 
tion requires diligence in seeking out all aspects of concern and making 
appropriate adjustments over space and time as necessary (Peine et al. 
1999). 

George Stankey provided an informative presentation entitled "People, 
politics, and the protection of rare and at-risk species" at the Innovations 
in Species Conservation Symposium held April 28-30, 2003, that 
addressed many important factors influencing the decision-making 
process (http://outreach.forestry.oregonstate.edu/isc/agenda.htm). He 
emphasized there and in a later article (Stankey and Shindler 2006) the 
increasing diversity of public values and uses, the growing mistrust of 
institutions of governance, the growing recognition of complexity and 
uncertainty, and the dynamic changes of human populations on the land¬ 
scape. These topics collectively represent the enormity of contemporary 
challenges to create an effective and inclusive decision-making process that 
leads to effectively defining strategies to sustain populations of RLK 
species. Peterson et al. (2004) documented the complexity of this challenge. 
They used an ethnographic approach to critically review the habitat con¬ 
servation planning processes employed to develop regional Conservation 
Habitat Plans for the Houston toad (Bufo houstonensis ) and the Florida 
Key deer (Odocoileus virginianus clavium). In both cases, the process 
focused on a search for the optimum solution through collaboration and 
consensus building, and in neither case was a solution achieved. The 
authors concluded that, "The paradoxical nature of liberal democracy pre¬ 
cluded the possibility of a single, ideal solution." Other case examples 
included below illustrate that success can be achieved by incorporating the 
first social consideration objective mentioned earlier, inclusiveness of the 
decision-making process. Providing equitable inclusiveness of stakeholders 
in the decision-making process is arguably the greatest social challenge to 
species conservation. 

Robbins (2004) found that limited access to decision making leads to 
increased use of confrontational activities, whereas increased information, 
particularly specialized knowledge, decreases the probability of confronta¬ 
tion. Yaffee and Wondolleck (2003) studied trends in natural resource 
planning in the United States and identified a marked shift toward collab¬ 
oration in the last 30 years. They assert that this shift has been prompted 
by changes in the perceived legitimacy of agencies as expert decision mak¬ 
ers, an increase in the availability of information, the perceived nature of 
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the problems facing land managers, and a significant broadening of politi¬ 
cal power in the United States, combined with legal tools that gave outside 
groups access to decision making. 

Gregory (2000) states that "extensive involvement is not synonymous 
with meaningful public input." He argues that this is a result of a number 
of factors, including a lack of specific criteria for accessing stakeholder 
interests and incorporating their input into the process. He proposes that 
structured public involvement should engage stakeholders to be part of the 
process of framing the decision, defining objectives, establishing alterna¬ 
tives, and identifying consequences and tradeoffs. He concludes, "In order 
to increase the probability of successful outcomes . . . communication gaps 
among stakeholders need to be narrowed and overall communication lev¬ 
els need to be improved." 


Perspectives of Stakeholders 

Divergent perspectives are difficult to reconcile. For example, Ruud and 
Sprague (2000) examined the discourse between environmentalists and 
loggers in the context of old-growth redwood forests in California. They 
believed that, "through language humans produce meanings and values 
that are available for others to hear and interpret." Thus they felt it 
important to understand both what is spoken and what is heard on oppos¬ 
ing sides to establish a true understanding of the issues. They found that 
the divergent perspectives on what was heard on the topic resulted in a lack 
of acceptance and meaningful dialogue. The environmentalists focused on 
a personhood perspective that emphasized stewardship and aesthetic envi¬ 
ronmental values, whereas the loggers focused on a corporate perspective 
of commercial value and economic benefits. The temporal perspective 
diverged dramatically, with the environmentalists focused on long-term 
ecosystem sustainability and the loggers focused on short-term profits. 
The environmentalists also tried to bring attention to global issues of tim¬ 
ber harvest, whereas loggers steadily focused on jobs in their Northern 
California communities. Though the study does not provide a conclusion 
of how to rectify the gap between modes of discourse, it does indicate that, 
in order for the subject to be broached, the language must speak for and to 
both sides. 
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Consensus Building 

Engaging decision makers in a process of consensus building is another key 
aspect of the social dimension concerning species conservation. Isenhart 
and Spangle (2000) challenge traditional assumptions on conflict resolu¬ 
tion. Moving from "rights" to "interests" and from "forcing" to "negotia¬ 
tion" is particularly important, given the litany of conflicting interests 
invariably associated with species conservation. "Joint Fact Finding" pro¬ 
vides a model to build consensus among stakeholders (Susskind and 
McCreary 1985; Ehrmann and Stinson 1999). This technique is centered 
on the theory of joint fact finding whereby stakeholders gain perspectives 
from others through shared participation in the decision-making process 
(Susskind et al. 2000). The discourse starts by asking stakeholders around 
the table to describe their interests in the issue at hand. That is followed by 
a discussion of shared interests and then divergent interests. Participants 
next discuss strategies to accommodate those divergent issues. This is 
likely to be a lengthy process. 

The multidimensional conservation strategy devised for the lesser 
prairie-chicken (LPC) (Tympanuchns pallidicinctus ) and the sand dune 
lizard (SDL) (Sceloporus arenicolus), two candidate species for federal list¬ 
ing, provides an example of successfully engaging divergent stakeholder 
interests in join fact finding (BLM 2005). The New Mexico LPC-SDL 
Working Group met for two years to devise a complex conservation strat¬ 
egy. Members included representatives from seven federal and state agen¬ 
cies; conservation groups; three representatives of the oil and gas industry 
that supports 28,000 jobs in the region; and one representative of the cat¬ 
tle industry. The first task was to become familiar with habit requirements 
in the "sand shinnery" community to sustain the two RLK species. The 
habitat has become greatly reduced and fragmented due to agriculture and 
mining activity. The group devised nine pathways for sustaining LPC pop¬ 
ulations related to the variety of threats: maintain quality range for breed¬ 
ing and nesting, address fragmentation of habitat, develop strategies to 
maintain and improve LPC habitat, focus on long-range planning to 
extend habitat, institute additional measures to address causes of mortal¬ 
ity and low nesting success, conduct research and monitoring, provide edu¬ 
cation and outreach for stakeholders, and fund a permanent position. A 
similar set of strategies were devised for the SDL. These strategies include 
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numerous details about land stewardship policy and practice. Federal and 
state agencies sat down and worked with industry to protect the RLK 
species while allowing continuation of the natural resource utilization. The 
congenial nature of the group allowed them to work together to fix a prob¬ 
lem (http://bpappalachia.nbii.gov/portal/server.pt) (BLM 2005). 

Another successful example of collaboration in decision making to pro¬ 
tect an RLK species concerns a watershed in northern Georgia, as docu¬ 
mented on the Best Sustainability Practices Web site (http://bpappalchia 
.nbii.gov/portal/server.pt) (2007). Although the environmental setting was 
different, the challenge was equally as difficult as that described in the Cal¬ 
ifornia example. The Etowah River is a major headwater tributary of the 
Coosa River system of the Mobile River drainage. Lying entirely within 
Georgia at the foothills of the Southern Appalachians, it originates in the 
Blue Ridge physiographic province but also drains Piedmont and Valley 
and Ridge provinces. There are 10 imperiled aquatic species known to 
inhabit this watershed, and five others are believed to have been extir¬ 
pated. The Etowah basin also lies on the north edge of the Atlanta metro¬ 
politan area. The suburban counties that make up the lower portion of the 
system have been among the fastest-growing counties in the nation over 
the last decade. Based on these factors, local governments; state, regional, 
and federal agencies; universities; nongovernmental organizations; and 
other stakeholders began a planning process to develop a comprehensive 
habitat conservation plan (HCP) for the Etowah watershed. 

This initiative was established to protect the 10 RLK species known to 
inhabit the area while at the same time allowing growth and development 
in the watershed. The planning process is overseen by a steering commit¬ 
tee composed of representatives from each of the counties and municipal¬ 
ities within the watershed. The steering committee, funded by a grant 
from the U.S. Fish and Wildlife Service, is assisted by a team of scientists, 
policy analysts, and educators from the University of Georgia, Kennesaw 
State University, and the Georgia Conservancy. The HCP advisory com¬ 
mittee members at the University of Georgia and Kennesaw State Uni¬ 
versity have conducted extensive research to support the development of 
the conservation strategy. The HCP consists of a set of development poli¬ 
cies adopted by the local governments of the Etowah basin. These policies 
have been developed by technical committees made up of experts from 
within the watershed and staffed by researchers from the University of 
Georgia. The steering committee decided what policies were included in 
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the plan, based on a variety of factors, including recommendations from a 
number of stakeholder and technical committees with expertise in each 
policy area. In 2003, the steering committee developed an extensive out¬ 
reach and public participation program to ensure that the HCP fits into 
local community contexts and addresses local variations in policy needs 
across the basin. Ordinances and policies covering issues such as storm 
water, best site design, runoff limits, erosion, sedimentation, mass grad¬ 
ing, stream buffers, road and utility crossings, conservation subdivisions, 
and water supply management continue to be investigated. Each local 
government in the watershed will adopt a set of policies to limit the 
impacts of development on the imperiled fish. This will allow them to 
receive an incidental take permit that covers development activities 
within their jurisdiction. 

The conservation strategies in both of these cases were complex, and 
their implementation required extraordinary cooperation, but the goals 
were the same—sustaining viable populations of RLK species while at the 
same time sustaining traditional land-use activity. In both cases, success 
was achieved by adhering to the basic building blocks emphasized in this 
chapter: (1) participation in the process was inclusive, and all stakeholders 
as well as scientists were involved from the beginning of the process; (2) 
the analysis of alternative conservation strategies under consideration was 
holistic as to implications on demands for use of the natural resources and 
habitat requirements to sustain the RLK species in question; (3) desired 
stakeholder benefits were maximized, the RLK species populations were 
sustained while the development permit process was efficiently expedited; 
and (4) a framework was established to systematize compliance to agreed- 
to conservation strategy via a partnership among federal agencies, univer¬ 
sity faculty, community planners/regulators, and developers. 


Decision Support System Capabilities and Limitations 

Technology applied to decision making should not be overlooked as a social 
consideration. New technology is becoming more accepted as a means to 
improve communication and illustrate alternatives in the decision-making 
process. A powerful application of the technology is to portray alternative 
futures based on divergent management strategies in a geospatial context. 
Social inequity among stakeholders may occur due to a lack of universal 
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access to or skills in applying the technology. The more technically skilled 
stakeholders can hold a distinct advantage in the decision-making process. 
It is important to measure the influence that decision support technology 
has on the decision-making process (Nedovic-Budic 1999). Understanding 
these impacts is a critical area for future research as the impact from infor¬ 
mation technology becomes more important and pervasive to decision 
making (Nedovic-Budic 1998). Delone and McLean (1990) identify six cat¬ 
egories to evaluate information systems: system quality, information qual¬ 
ity, information use, user satisfaction, individual impact, and organiza¬ 
tional impact. Nedovic-Budic (1999) includes societal impact as well. This 
emerging technology will ultimately revolutionize the decision-making 
process. 


Role of Science 

A less than obvious social dimension of species conservation is the role of 
science in the decision-making process (Adler et al. 2000). Decision mak¬ 
ers may not be all that persuaded by the biological science presented, pos¬ 
sibly due to the scientific uncertainty associated with the species of con¬ 
cern. Climate change is a good case in point: there is growing scientific 
evidence that human-caused global warming is taking place, but much less 
is known as to specific ecological, social, and economic ramifications. That 
is in part due to divergent predictions from different models (Rastetter 
1996). That situation is changing rapidly via the release of a series of 
reports in 2007 from the Intergovernmental Panel on Climate Change. 
There is a high degree of consensus and more specificity of reported 
adverse effects predicted (IPCC 2007). The prescribed actions required to 
reverse this human influence on global climatic processes require, for the 
short term, significant changes away from "business as usual." Dueling 
scientists is a familiar scene in courtroom litigation (Edwards 1999). Scien¬ 
tific information is not always taken at face value. Nedovic-Budic (1999) 
uses data accuracy, availability, collection time, accessibility, currency, and 
format to determine information quality. For scientific information to be 
useful to decision making, accompanying metadata must thoroughly 
describe methodology, limitations of the data, and its relevance to the issue 
of concern. 
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Applying All Dimensions of Decision Making 

In the 1990s, an attempt to combine the principles discussed above in a 
holistic fashion was made by Utah's governor Michael Leavitt and Oregon 
governor John Kitzhaber. They coauthored a new philosophy for con¬ 
fronting contentious environmental issues and called it Enlibra, which is 
intended to serve as "an evolving set of new principles for environmental 
management . . . based upon principles that have proven effective in 
resolving environmental and natural resource debates in a more inclusive, 
faster and less expensive fashion" (Western Governors' Association 2002 
in Higdon 2003). There are eight guiding principles of Enlibra: (1) national 
standards, neighborhood solutions—assign responsibilities at the right 
level; (2) collaboration, not polarization—use collaborative processes to 
break down barriers and find solutions; (3) reward results, not programs— 
move to a performance-based system; (4) science for facts, process for pri¬ 
orities—separate subjective choices from objective data gathering; (5) mar¬ 
kets before mandates—pursue economic incentives whenever appropriate; 
(6) change a heart, change a nation—environmental understanding is cru¬ 
cial; (7) recognition of costs and benefits—make sure all decisions affect¬ 
ing infrastructure, development, and environment are fully informed; and 
(8) solutions transcend political boundaries—use appropriate geographic 
boundaries to address environmental problems. 

Governor Leavitt has repeatedly stated that Enlibra is a philosophy and 
not a policy, and has a primary tenet: bringing all stakeholders involved in 
environmental disputes together to work out differences. The philosophy 
was applied in the study of the San Rafael Swell area in Emery County, 
Utah, with the goal of accommodating appropriate resource utilization 
while insuring cultural and environmental resource conservation. Several 
RLK species are located in the area. The U.S. Bureau of Land Management 
created a progressive Web site to detail natural resource features and uti¬ 
lization activities in the area and alternative management objectives and 
strategies. Things were going well until Governor Leavitt inadvertently 
referred in a speech to the potential goal of local interests designing a 
resource management strategy that could potentially lead to designating 
the area as a national monument. That generated a very negative response 
from a well-organized off-road-vehicle interest group that lobbied success¬ 
fully for ending the planning effort (Higdon 2003). The point here is a cau- 
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tionary one: it is important for all parties to maintain an inclusive and 
transparent decision-making process. 


Conclusion 

Social sciences provide a mechanism to measure social considerations 
associated with the process of assessing alternative strategies to sustain 
populations of RLK species. As described in this chapter, there are numer¬ 
ous dimensions of social science vital to crafting these strategies. There is 
a growing awareness, as acknowledged by many participants of the Inno¬ 
vations in Species Conservation Symposium (ISCS 2003), that viable con¬ 
servation strategies for RLK species should be based on the application of 
interdisciplinary science. Mainstreaming this theory into practice remains 
a challenge for the future. A centerpiece of this challenge is developing 
effective communication and dialogue among all stakeholders based on a 
transparent decision-making process (Wondolleck and Yaffee 2000). The 
case example discussed earlier of conserving the listed threatened and 
endangered aquatic species in the Etowah River watershed is a robust 
example of the role of interdisciplinary science (http://bpappalachia.nbii 
.gov/portal/server.pt). University faculty working in conjunction with 
local community officials devised a complex yet viable conservation strat¬ 
egy. The National Environmental Policy Act permitting process was 
streamlined, and the comprehensive conservation strategy was consis¬ 
tently applied. 

The emerging science of information technology is a new innovation 
that has the potential to revolutionize the decision-making process and 
make it more transparent, inclusive, and collaborative (Adler et al. 
2000). To integrate social and environmental science, there is a need to 
focus on how best to capture the capabilities of this technology and bet¬ 
ter communicate and embed science in the decision-making process. 
Effectiveness is dependent on designing inclusiveness into the process, 
having a holistic nonpartisan perspective of the social considerations, 
and working to maximize, to the extent practical, benefits to the stake¬ 
holders. 

The case examples discussed earlier provide encouragement that inno¬ 
vative thinking and collaboration among stakeholders can successfully 
meet the formidable challenge of sustaining populations of RLK species. 
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The strategy to sustain a viable population of the lesser prairie-chicken in 
New Mexico included devising complex management and research strate¬ 
gies to maintain and restore viable habitat and rebuild populations (BLM 

2005) . At the same time, strategies were devised to maintain ongoing cat¬ 
tle ranching and the economically vital gas and minerals industries. 
Another remarkable example is the conservation of RLK species along the 
central California coastal region. In this case, a robust collaboration of 
public agencies, private industries, and land trusts are purchasing critical 
habitat where the rare species assemblages are concentrated (Press et al. 

2006) . 

Conserving RLK species is dependent on long-term commitments to 
the devised conservation strategy. The mission of the Land Trust 
Alliance (2005) is to grow and refine land conservation practices and 
continue the rate of protection. The regional and state-level ecological 
sustainability analyses case examples conducted by EPA Region 4 (Dur- 
brow et al. 2002) and the State of Oregon (Vickerman 1999), respec¬ 
tively, provide robust scientific rationales for designing a conservation 
strategy, but no guarantee that their implementation will be sustained 
over the long term. The case studies for the lesser prairie chicken in 
New Mexico (BLM 2005), the aquatic RLK species of the Etowah River 
watershed (BSP 2006), and the coastal RLK species in central California 
(Press et al. 2006) exemplify the importance of institutional commit¬ 
ment to complex conservation strategies. In each case, financial and 
institutional incentives to stay the course were included as integral parts 
of the chosen strategies. 

There are commonalities in social considerations associated with suc¬ 
cessful and failed applications of conservation practices as illustrated in the 
case examples included in this chapter and elsewhere. There is a need to 
apply insight gained from this book to plan for the future conservation of 
RLK species. The recent dramatic increase of protected lands via conserva¬ 
tion easements and regional and local planning provides an extraordinary 
opportunity to build awareness of RLK species and encourage biological 
inventories and habitat assessments and the adoption of stewardship 
strategies when warranted. The use of emerging information technology 
as an agent for information dispersal is promising as a tool to facilitate 
inclusive, holistic, and transparent assessment of alternative conservation 
strategies for RLK species. There is a need to routinely apply comprehen¬ 
sive and quantitative strategies to conduct integrated science to improve 
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the conservation of RLK species. And the last word is: Focus on institution¬ 
alizing long-term stewardship commitment to sustain viable populations 
of RLK species. 
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Economic Considerations 

Richard L. Johnson, Cindy S. Swanson, 
and Aaron J. Douglas 


This chapter describes methods for and gives examples of esti¬ 
mating the economic consequences and values of conserving rare or little- 
known (RLK) species. In the first section, we describe the discipline of eco¬ 
nomics in terms of its goals and self-imposed limits. Economics does not 
intend to impose moral or ethical judgments. Positive economics describes 
"what is," whereas normative economics shows how alternate economic 
policies can affect outcomes. Next, we describe the evolving political eco¬ 
nomic framework within which decisions are made in the United States. 
Finally, we discuss economic measurement tools and their application to 
RLK species. 


The Essential Economic Problem 

Economic growth, as defined in standard economic textbooks, is an 
increase in the production of goods and services. Economic growth occurs 
when there is an increase in the multiplied product of population and per 
capita consumption. As human populations increase through fertility and 
immigration, the economy grows; and as natural resource use increases 
through agriculture, extraction, and the manufacturing and service sectors, 
the economy grows. At the same time, limited natural resource supplies 
are diminished and by-products that can degrade the remaining resources 
are produced (Meadows et al. 1972). 

Economic growth has been a primary, perennial goal of American gov- 
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ernment and society. Some economists believe there is no limit to eco¬ 
nomic growth, particularly given that technological progress allows use of 
fewer resources for greater returns. However, based on established princi¬ 
ples of ecology and physics, we believe there is a limit to economic growth. 
Though technological progress can reduce the ecological impacts of eco¬ 
nomic growth, it can also exacerbate ecological problems and therefore is 
not sound reasoning to support unlimited economic growth (Krutilla 1967; 
Costanza et al. 1997). 

The mechanisms of economic growth may impact the environment 
through pollution, overexploitation, habitat loss and fragmentation, and 
climate change. Excessive consumption resrdts in degradation of resources 
as evidenced by the decline of some fisheries, the growing number of 
threatened and endangered species, and the loss of open space. Decline in 
environmental quality and loss of biological diversity are not easily 
assessed in economic terms. Current economic policies do not usually take 
into account the value of natural resources in contributing to biological 
processes such as flood control by wetlands, climate regulation by forests 
and open space, and pollination by insects, birds, and mammals (Constanza 
et al. 1997). Furthermore, economic health is not measured accurately by 
gross domestic product (GDP) alone since GDP does not incorporate the 
condition and sustainability of natural resources. 

As a result of the protection of personal property rights and allowing a 
competitive free market to operate unregulated, negative impacts on the 
environment can result. The concept of a competitive free market operat¬ 
ing without interference should result in meeting consumer needs at the 
lowest price possible, and firms receive reasonable return or profit from 
their investment. If markets work perfectly, well-being is maximized 
because no reallocation exists that coidd yield a net gain to society (con¬ 
sumers or producers). Unfortunately, a private, competitive free market 
can only result in the efficient allocation of resources if the production of 
goods and services does not produce unwanted effects on others (econo¬ 
mists refer to this as an externality; see Bator 1958; Arrow 1965; Just et al. 
1982). Examples include water/air pollution downstream/downwind from 
a factory, noise pollution resulting from air traffic over a wilderness, or loss 
of critical fish and wildlife habitat from the construction of dams and 
roads. 

The concept of a private, competitive free market is also based on the 
belief that the market price is a reflection of the value of a good. It shows 
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how much consumers are willing to pay for another unit and how much 
sellers are willing to sell it for. Resources that are nonrival (consumption 
by one individual does not effect the amount available for consumption by 
others, e.g., scenic view, hiking in an uncongested wilderness/park/forest) 
and nonexclusive (property rights cannot be enforced, e.g., ocean fisheries, 
migrating wildlife) are not efficiently allocated in a market, and therefore 
a market failure results. We are again faced with an allocation of resources 
that does not result in societal benefit maximization since nonrival/non ex¬ 
clusive goods do not have a market price (because they cannot be owned or 
sold), and therefore society has inferred a value of zero (Walsh et al. 1984; 
Rubin et al. 1991). 

These sources of nonmarket failure are not fatal, but the structure of the 
current concept of private property rights and a free, competitive market 
will result in continued high levels of pollution and the value of "public 
goods," including RLK species, not being recognized. 


Economic Criteria Are Not the Only Decision Criteria 

Economic issues are often a critical element in species conservation 
because preservation of a species often requires some people, somewhere 
to constrain their behavior (i.e., clearing forests for farming, building 
houses, draining wetlands), incur additional costs (clean up discharge 
water, put in smokestack scrubbers), or forgo activities they view as bene¬ 
ficial (building along a river, building privacy fencing). 

Of course, there are many other important criteria that society uses 
when making important policy decisions concerning species conservation. 
Ethical considerations about what we as a society feel is right or just cor¬ 
rectly play a legitimate role. The U.S. Endangered Species Act requires 
agencies to ignore costs in making listing decisions up to the limits set by 
the Endangered Species Committee (Freeman 2003), but costs are consid¬ 
ered when critical habitat designation decisions are made (Schamberger et 
al. 1992). 

Althought there are clearly costs associated with species preservation, 
there are also substantial benefits. Many of these benefits are from the 
public-good nature of the resources and thus are nonmarket in nature, and 
these benefits often do not show up in the company's bottom-line profit 
(Arrow 1965; Just et al. 1982). A thesis of this chapter is that we should 
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explicitly recognize the economic costs and benefits of species preservation 
and use that as one criterion in our decision making. Economic benefits 
and costs are certainly not the only thing that matters, but neither can 
they be ignored. 


Developing a Framework for Analysis 

A description of the measurement problem for the economic consequences 
and benefits of conservation of RLK species requires specification of a 
framework for analysis. At issue is the organization of human activity for 
the purpose of production, distribution, and consumption of goods and 
services given unlimited wants and limited means. This essential economic 
problem exists across all types of cultures, political organizations, or eco¬ 
nomic systems. The exchange of goods and services among individuals 
increases people's material welfare. Often, however, virtually all developed 
nations, including the United States, have chosen some form of con¬ 
strained market capitalism to address concerns of externalities and nonri¬ 
val/nonexclusive goods and services. Constrained market capitalism 
eschews both laissez-faire and centralized planning for a market-based 
system that is modified to achieve public goals. The framework for analy¬ 
sis is the solution to the essential economic problem provided by market 
capitalism with government intervention (Schumpeter 1942). Familiar 
forms of intervention include fiscal and monetary macroeconomic policy, 
efforts by government to calculate values and beliefs and modify behavior, 
direct government operation and control of property, the impositions of 
subsidies and taxes, government regulation, access charges for the use of 
public property, property zoning, the institution of tradable pollution per¬ 
mits, other redefining of property rights, and rationing. 


The Detached and Human-Centered Nature of Positive 
Economics 

The positive (as opposed to normative) economics methodology is inten¬ 
tionally value-free and anthropocentric (Ehrlich and Ehrlich 1996). Value 
in economic theory, and in market capitalism in partictdar, derives from 
behavior reflecting the cumidative tastes and preferences of human beings 
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(Henderson and Quandt 1980). If individuals believe certain things have 
intrinsic value, then those values will be counted, but intrinsic values 
derived from sources other than human wants are excluded. This stance is 
in contrast to some other disciplines, which may wish to influence human 
tastes and preferences or beliefs. Outside the economics discipline, biodi¬ 
versity, ecosystem health, environmental justice, and sustainability are 
often discussed both in terms of their effect on humans and as purely envi¬ 
ronmental issues that humans have a duty to resolve. Economics becomes 
prescriptive rather than descriptive when it is used to make judgments as 
are found in feasibility studies and benefit-cost analyses. The key factor is 
that economic prescription is based on measures of the wants, desires, and 
beliefs of the citizenry and avoids interposition of the beliefs of econo¬ 
mists. 


Pure Market Capitalism 

Prior to discussing the widely perceived need to constrain pure market cap¬ 
italism we must define it. The ideal market capitalism model assumes that 
all business firms and consuming units are sufficiently small and inde¬ 
pendent and that they have no perceptible influence on market prices. 
Consumers are assumed to have unlimited wants for goods and services, 
and firms work to satisfy customers. Firms not making economic profits 
run out of money and are automatically terminated. Survival of the fittest 
and most progressive firms ensures maximum consumer satisfaction. At 
its best, pure capitalism embodies the flexibility and incentives to allow 
constant growth and change. Only entrepreneurs who consistently satisfy 
consumers' wants and needs accumulate wealth. The ideal model achieves 
the highest possible level of economic efficiency from any given set of 
resources. Market prices measure the marginal benefits to individuals and 
society. The marginal benefits (prices) from the consumption of goods and 
services are equal to the marginal costs of production so that any realloca¬ 
tion of production and distribution of consumption would make society 
worse off in terms of the marketable goods (Just et al. 1982). The coordi¬ 
nation of production, distribution, and consumption activities among pro¬ 
ducers and consumers is accomplished by trading in the impersonal, value- 
free, market place. The unfathomable number of decisions and resulting 
transactions in a nation's economy occur without direction from any cen- 
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tralized authority to achieve a maximum standard of living (gross domes¬ 
tic product) for society. 


Criticisms of Market Capitalism Leading to 
Constraints (Government Intervention) 

Many of the assumptions embedded in the ideal market capitalism model 
are inconsistent with reality and with the conservation of RLK species. 
Once one moves beyond the ideal market capitalism model, the analysis 
leaves the province of pure economic theory and includes political science, 
law, and ethics. 

A key requirement for market capitalism is private ownership of the 
means of production, including one's own labor. Private ownership 
ensures, according to the model, that real property will be enhanced and 
conserved over time rather than exploited and discarded. Unfortunately, 
there are situations where exploit and discard may be the superior policy 
for a firm. Thus minimal acceptable rules of conduct are required. More 
important, the firm is a single-purpose entity focused on the goal of max¬ 
imization that ignores holistic management of property. In a market econ¬ 
omy, property is conserved and enhanced only for purposes of profit max¬ 
imization, not for the purpose of retaining and enhancing its many 
desirable attributes. In particular, the market system fails to recognize that 
the consequences of individual actions by the few are far different from the 
collective actions of many (Bator 1958; Arrow and Hahn 1986). The 
enforcement of minimal acceptable standards of conduct can provide some 
protection for long-lived, extra-market property, but it must take account 
of the cumulative effects over individuals, space, and time. For example, 
international sanctions prohibiting sales and transport of endangered 
species may be unenforceable because the sellers are in underdeveloped 
nations with limited law enforcement capabilities, and the buyers are in 
states that defy a wide array of international regulations (Douglas 1990). 
Thus prohibitions against trade in endangered species may be effectively 
enforced in the Western industrial democracies but fail to prevent the 
extirpation of critical habitats and endangered species. 

An obvious weakness in the model is the incorrect assumption of small, 
competitive firms possessing no market power and the incorrect presump¬ 
tion that wealth accumulation is always an indicator of superior perform- 
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ance in want satisfaction (Henderson and Quandt 1980; Arrow and Hahn 
1986). Apprehensive managers have strong incentives to monopolize mar¬ 
kets and subvert government policies (such as environmental protection) 
that threaten the continued existence of their firms. Thus the powerful 
profit incentive can be counterproductive if antitrust enforcement is weak 
and regulatory agencies and/or the political systems are susceptible to 
coercion or bribery. The invisible hand of the market only functions to 
increase well-being of the citizenry if a centralized authority prevents the 
accumulation of market power by individual firms, trade associations, 
unions, consumer groups, and the like. The ability of society to constrain 
the structure, conduct, and performance of these economic organizations 
depends on the viability of political institutions. For example, the interplay 
of political power among the executive, legislative, and judicial branches of 
government may play a role in limiting the accumulation of economic 
power. Moreover, certain types of production incur continually declining 
average production costs with increased output (economies of scale) so that 
they are inherently huge and monopolistic and cannot fit the atomistic 
mold. Some method of dealing with natural monopolies, such as regulation 
or government ownership, must be appended to the market capitalism 
model. 

A second weakness in the market capitalism model is the presumption 
that increased quantities and qualities of marketed goods and services are 
sufficient to satisfy consumer wants. The model completely ignores com¬ 
mon-pool resources. To be transacted in a market, a good or service must 
have the attribute of exclusivity. If consumers cannot be excluded from 
consuming a good, a price cannot be charged and therefore no funds will 
be made available for production in a market system. Firms emerge to 
manage resources for the production of profits creating market goods. Few 
firms emerge to manage common-pool resources. This effect has been 
called the tragedy of the commons (Hardin 1968). An example of a non- 
market good is the protection afforded by national defense. While some 
public-spirited citizens might feel obligated to pay for the common 
defense, many free-riders would withhold their funds. Some method of 
collecting payment from all members of society is required to adequately 
and fairly fund national defense. Other nonmarket goods include law 
enforcement, protection from contagious diseases, unemployment insur¬ 
ance, and environmental protection, including air and water quality and 
RLK species. 
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A third weakness in the ideal market capitalism model is the assump¬ 
tion of no negative externalities. A negative externality is said to occur if 
the physical production or consumption of one good creates physical dam¬ 
age to some other production or consumption process. Almost all con¬ 
sumption or production creates some physical damage to other consump¬ 
tion or production. Popidation pressure can exacerbate and intensify the 
loss of forest and rangeland habitat (Spurr and Barnes 1980; Caufield 
1986). Squatting on undeveloped land is usually highly regidated in con¬ 
temporary Western societies, but urban popidation pressures may gener¬ 
ate uncontrolled use of undeveloped land tracts in many parts of tropical 
regions such as Brazil or Malaysia (Caufield 1986). Unregulated tenancy 
in fragile rain forest ecosystems may cause the loss of plant cover, in turn 
causing soil erosion, stream contamination, and the loss of critical habitat 
and productive cropland (Spurr and Barnes 1980; Caufield 1986; Perrings 
et al. 1995). 

One way to reduce these damages is to internalize the cost by creating 
a tax on the offending consumer or producer group to recoup damages cre¬ 
ated. The offending group then has an increased incentive to reduce dam¬ 
ages until the efficient level of damages is achieved. Both market and non- 
market goods can be protected from negative externalities through 
enforcement of environmental laws and regulations. An alternative 
approach to internalizing costs is provided by the Coase theorem (Coase 
1960). Coase showed that if property rights are clearly defined in law, then 
bargaining between the actors could also internalize externalities through 
voluntary negotiation. Again, property rights must be established for both 
market and nonmarket goods, and existing firms have a strong incentive to 
oppose the creation of new property rights for nonmarket goods. Further, 
for the Coase theorem to yield an optimum internalization of the external¬ 
ities, the transaction costs must be low. This only occurs when there are a 
few polluters and, more importantly, only a few recipients. Thus the Coase 
theorem is of limited applicability for most environmental problems, 
including the protection of most RLK species. 

The presence of negative externalities and public concern for nonmar¬ 
ket goods tend to increase as population density increases. Increased recog¬ 
nition of the limits of market capitalism means the public sector compo¬ 
nent of the economy has expanded greatly over time. The danger that the 
public sector will be legislated into areas best served by the private sector 
is ever present. 
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Property Rights for Environmental Resources 

Protection of environmental common-pool resources via the legal system 
in the United States has gained favor since the enactment of the Endan¬ 
gered Species Act (16 U.S.C. § 1531). Federal laws evolved over time from 
the establishment of national forests/grasslands, parks and monuments, 
wildlife refuges, and wilderness areas to the inclusion of protection for 
environmental resources within the requirements of the federal land man¬ 
agement agencies. However, this early legislation applied only to public 
lands. Actual legal standing for RLK species was more directly established 
by the Endangered Species Act, which applies differentially to both public 
and private lands. The wild and scenic river designation has value in and of 
itself (Walsh et al. 1984) but can also affect the use of private lands and 
thus afford protection of RLK species. Thus a form of property rights does 
now exist in the United States for certain environmental common-pool 
resources. Many nonprofit organizations are dedicated to the protection or 
preservation of various aspects of the natural environment. Thus the 
actions suggested by the Coase theorem have come into fruition for the 
environmental resources as a result of property rights having been more 
clearly defined in law (for example, ocean commercial fisheries now have 
equipment, harvest, and seasonal restrictions to protect a common prop¬ 
erty resource). 

Of the nearly 2.3 billion acres of land in the United States, approxi¬ 
mately 650 million acres (28% of the land base) are owned by the federal 
government. Four agencies administer 96% of this federal land (the U.S. 
Department of Agriculture Forest Service and the U.S. Department of the 
Interior Bureau of Land Management, Fish and Wildlife Service, and 
National Park Service) (U.S. Bureau of Census 1992). Laws have been 
enacted to address/assign property rights of environmental resources 
within these agencies. The Forest Service and the Bureau of Land Manage¬ 
ment are both multiple-use, sustained-yield management agencies follow¬ 
ing the National Forest Management Act and Federal Land Policy and 
Management Act, respectively. The U.S. Fish and Wildlife Service, under 
the Refuge Improvement Act of 1977, emphasizes preservation of fish, 
wildlife, and their habitats. The National Park Service has the most preser¬ 
vation-oriented legislation in its Organic Act of 1916. Box 10.1 provides a 
list of the relevant environmental statutes for the management of federal 
agencies (also see chap. 2). 


Box 10.1. Relevant federal statutes. 

A. Forest Service Related Statutes: 

Multiple-Use Sustained-Yield Act of 1960: Act of June 12, 1960; 

P.L. No. 86-517, 75 Stat. 215. 16 U.S.C. A7528, et seq. 

Rangeland Renewable Resources Planning Act of 1974: Act of 
August 17, 1974; P.L. No. 93-378, 88 Stat. 476. 16 U.S.C. 

A71600, et seq. 

National Forest Management Act of 1976: Act of October 22, 
1976; P.L. No. 94-588, 90 Stat. 2949. 

Forest and Rangeland Renewable Resources Research Act of 
1978: Act of June 30, 1978; P.L. No. 95-307, 92 Stat. 353. 16 
U.S.C. A71641, et seq. 

Cooperative Forestry Assistance Act of 1978: Act of July 1, 1978; 
P.L. No. 95-313, 92 Stat. 365.16 U.S.C. A72101, et seq. 

B. Bureau of Land Management Related Statutes: 

Mineral Leasing Act of 1920: Act of February 25, 1920; ch. 85, 41 
Stat. 437. 30 U.S.C. A7181, et seq. 

Taylor Grazing Act of 1934: Act of June 28, 1934; ch. 865, 48 
Stat. 1269. 43 U.S.C. A7315, et seq. 

Mineral Leasing Act for Acquired Land: Act of August 7, 1947; 

ch. 513, 61 Stat. 913; 30 U.S.C. A7351-359. 

Materials Disposal Act: Act of July 31, 1947; ch. 406, 61 Stat. 681. 
30 U.S.C. A7601, et seq. 

Wild Horses and Burros Act of 1971: Act of December 15, 1971; 

P.L. No. 92-195, 85 Stat. 649. 16 U.S.C. A71331, et seq. 

Federal Land Policy and Management Act of 1976: Act of 
October 21, 1976; P.L. No. 94-579, 90 Stat. 2744. 43 U.S.C. 
A71701, et seq. 

Public Rangelands Improvement Act of 1978: Act of October 25, 
1978; P.L 95-514, 92 Stat. 1803. 

Alaska National Interest Lands Conservation Act of 1980: Act of 
December 2, 1980; P.L. No. 96-487, 94 Stat. 2371. 16 U.S.C. 
A73101, et seq. 

C. Fish and Wildlife Service Related Statutes: 

National Wildlife Refuge System Administration Act of 1966: Act 
of October 15, 1966; P.L. No. 90-404, 80 Stat. 927. 16 U.S.C. 
A7668dd-668ee. 

Alaska National Interest Lands Conservation Act of 1980: Act of 
December 2, 1980; P.L. No. 96-487, 94 Stat. 2371. 16 U.S.C. 
A73101, et seq. 

Fish and Wildlife Act of 1956: Act of August 8, 1956; ch. 1036, 70 
Stat. 1120. 16 U.S.C. A7742a, et seq. 

San Francisco Bay National Wildlife Refuge (1972): Act of June 
30, 1972; P.L. No. 92-330, 86 Stat. 399. This Act is a typical 
statute establishing a refuge by law. 16 U.S.C. 
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Box 10.1. Continued 

D. National Park Service Related Statutes: 

Preservation of American Antiquities: Act of June 8, 1906; ch. 

3060, 34 Stat. 225. 16 U.S.C. A7431-433. 

Rights-of-Way Through Parks and Reservations: Act of March 4, 
1911; ch. 238, 36 Stat. 1253, 16 U.S.C. A75. 

The National Park Service Organic Act of 1916: Act of August 25, 
1916; ch. 408, 39 Stat. 535. 16 U.S.C. A71-4. 

Land and Water Conservation Fund Act: Act of Sept. 3, 1964; P.L 
No. 88-578, 78 Stat. 897. 16U.S.C. A71, et seq. 

Concession Policy of the National Park Service: Act of October 9, 
1965; P.L. No. 89-249, 79 Stat. 969. 16 U.S.C. A720-20g. 

Mining in National Parks: Act of September 28, 1976; P.L. No. 94- 
429, 90 Stat. 1342. 16 U.S.C. A71901-1912. 

In addition, there are a number of laws which establish specific 
units of the National Park System. For example see: 

Yellowstone National Park Act: R.S. 2474, derived from Act of 
March 1, 1872; ch.24, 17 Stat. 32. 16 U.S.C. A721, et seq. 

E. Special Management Systems on Public Lands: 

Outdoor Recreation Act of 1963; P.L. No. 88-29. 16 U.S.C. A74601 
Wilderness Act: Act of September 3, 1964; P.L. No. 88-577, 78 
Stat. 890. 16 U.S.C. A71131, et seq. 

Wild and Scenic Rivers Act: Act of October 2, 1968; P.L. No. 90- 

542, 82 Stat. 906. 16 U.S.C.A71271, et seq. 

National Trails System Act: Act of October 2, 1968; P.L. No 90- 

543, 82 Stat. 919. 16 U.S.C. A71241, et seq., as amended August 
1992. 

National Parks and Recreation Act of 1978: Act of November 10, 
1978; P.L. No. 95-625, 92 Stat. 3467. 

Alaska National Interest Lands Conservation Act of 1980; P.L. No. 

96-487, 94 Stat. 2371. U.S.C. A73210. 

California Desert Protection Act of 1994; P.L. No. 103-433, 108 
Stat. 4471. 


The Economics of Rarity 


Rarity of species implies to an economist a relative scarcity, and this leads 
to high values at the margin for preserving another individual in the pop¬ 
ulation. Extreme cases of scarcity, such as 12 California condors or a hand¬ 
ful of returning sockeye salmon to Redfish Lake in Idaho, may imply 
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astronomically high values. This is because, as the quantity gets smaller, 
the value of those remaining individuals gets larger (Randall and Stoll 
1983). As the population approaches the last breeding pair the value could 
approach infinity depending on the shape of the demand curve for the 
species. 

Unfortunately, because the costs of preservation are often the only eco¬ 
nomic data available, the decision on species protection may be based on 
costs rather than benefits. This is an inappropriate use of economics and 
may result in only "low cost" species being preserved (Swanson et al. 1994). 

Rarity may increase the likelihood of extinction (chap. 3). Extinction, 
being irreversible, may generate a supply-side option value for individuals 
(Bishop 1982). That is, individuals who are certain they wish to view a 
species in its native habitat in the future may be willing to pay a premium 
over and above the species' expected benefits to maintain that opportunity 
in the face of possible uncertainty about whether the species will still exist. 
A quasi option value to resource managers arises from the value of new 
knowledge about the benefits of preservation that can be gained by post¬ 
poning an irreversible action (Arrow and Fisher 1974; Fisher and Hane- 
mann 1986; Freeman 2003). That is, with extinction being irreversible, the 
benefits of development must be greater than the benefits of preservation 
by some additional amount, to ensure that development is truly the opti¬ 
mal action. This requirement arises because preservation in this period 
maintains the future option to preserve or develop in the next period. The 
decision to develop in the current time period precludes the opportunity to 
preserve in the future time period. Thus, to be optimal, society must be 
extra certain that the benefits of development outweigh the benefits of 
preservation today and all future time periods. This extra certainty can be 
thought of as the quasi option value premium. 

A great deal has been written about how human well-being depends on 
ecosystem functions (e.g., nutrient cycling) that provide ecosystem serv¬ 
ices of value to people (Costanza et al. 1997; Daily 1997). Ecosystem serv¬ 
ices include clean water, wildlife, and recreation resources. Even though a 
species may be rare or occur in small numbers it can exert an influence or 
play a critical role in the function of an ecosystem and therefore indirectly 
be of high value. Maintaining species helps to maintain ecosystem stabil¬ 
ity, thus reducing the variance in flow of ecosystem services. Maintaining 
RLK species acts like an insurance policy to reduce the potential for large 
losses in the future (see also chaps. 3, 6, and 7). 
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Whereas anthropocentric values are human based, human values can go 
beyond just the instrumental use values such as on-site viewing or medic¬ 
inal use (see also chap. 9). Krutilla (1967) first suggested that people might 
derive satisfaction or utility from just knowing that a species exists in situ 
without actual use. He further suggested that people today might also pay 
to protect a species today from irreversible loss so as to bequeath that 
species to future generations. That is, people receive satisfaction knowing 
that preservation today provides the species to their children, grandchil¬ 
dren, and future generations. Collectively, these existence and bequest val¬ 
ues are now known as passive use values. 


Evaluating the Economic Consequences 
of Conserving RLK Species 

Economists measure the economic impacts, benefits, and costs of policy 
changes by using market prices if recorded prices are reliable guides to the 
relevant social costs and benefits. For reasons discussed previously, market 
prices do not reflect policy-relevant social marginal values for a host of 
goods and services, including preservation of RLK species. This can lead to 
the inappropriate conclusion that they have little or no value (Just et al. 
1982; Rubin et al. 1991; Hagen et al. 1992). Thus alternate methods and 
techniques have been and are being developed to measure costs and bene¬ 
fits for nonmarket goods such as RLK species. Below is a discussion of 
some of the question(s) that the procedures address and the types of meth¬ 
ods and models that are utilized by various approaches. 

Economic Impact Analysis 

An economic impact analysis (also known as a regional economic analysis) 
traces the flows of spending in order to identify and quantify changes in 
sales, tax revenues, personal income, and jobs caused by changes in final 
demand activity. Final demand is the last point of purchase and includes 
exports from a region such as tourism expenditures, federal spending, or 
regional investment. Wassily Leontief's (1936, 1941, 1966, 1974) famed 
input-output (I-O) model is the basic analytical tool used to model these 
impacts. The basic assumptions of the 1-0 model are (1) there is a fixed 
group of final demanders; (2) there is a group of industries that use the 
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outputs of other industries to supply a product or set of products to final 
demanders; (3) all production processes are linear, hence a fixed positive 
fraction called a "production coefficient" captures the contribution of the 
input industry i to the output industry;; (4) all flows are measured in dol¬ 
lars; and (5) supply always equals demand. Although inputs and outputs 
are measured in dollars, the model can be adapted to show the creation of 
additional by-products such as smoke or congestion as an economy 
expands. Or dollars can be replaced by water or some other relevant unit 
of account (Miller and Blair 1985; Lave, et al. 1995; Hendrickson, et al. 
1998). 

The principal empirical data sources for economic impact measurement 
are: business or visitor spending surveys and secondary data from govern¬ 
ment economic statistics, the economic base model, and 1-0 models and 
multipliers. The 1-0 model is a general equilibrium model of an economy, 
which takes account of the interrelatedness of production across industries 
and government. From a national accounting stance, a positive economic 
impact in one region will usually be offset by losses in other regions so 
that the impacts wash out (Miller and Blair 1985). Because the economic 
impact estimate only shows changes in transactions, it does not address the 
issue of enhanced public welfare. However, 1-0 analysis can be extended 
through optimization techniques to forecast the environmental effects of 
economic changes and the market and nonmarket outcomes of alternative 
policies. 

Hunting- and fishing-related tourism is the best example of how an I- 
O model can be applied to a nonmarket resource. By tracking expenditures 
in a local economy, the importance of fish and wildlife can be demon¬ 
strated. In the case of RLK species, if a species (like the California condor) 
attracts travel to a location, then an 1-0 model can be applied. 

Benefit-Cost Analysis 

If some allocations of inputs generate a higher social value than alterna¬ 
tive uses of the same inputs, then the allocation in question is said to be 
economically efficient (Samuelson 1954). A benefit-cost analysis esti¬ 
mates the relative economic efficiency of alternative policies by compar¬ 
ing marginal benefits and marginal costs (Mishan 1976). The goal of 
benefit-cost analysis is to identify the policy with the highest benefit to 
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cost ratio (Mishan 1976). Benefit-cost analysis makes use of a wide 
range of methods for estimating values of nonmarket goods and serv¬ 
ices, such as the travel cost method (TCM) and contingent valuation 
method (CVM) (Just et al. 1982). Benefit-cost analysis compares the 
present value of the benefits of preservation to the present value of the 
costs. Of course it is important that all benefits and all costs be included 
and measured in commensurate monetary terms (e.g., in nominal or 
constant dollars). 

Quantifying the benefits of RLK species preservation with market 
prices is quite difficult. In part, this is due to our limited biological and eco¬ 
logical knowledge about the role the species play in providing ecosystem 
services and because of the lack of knowledge the public has about these 
species. Thus, although benefits are often underestimated, market prices 
can often be used to estimate the costs of preservation and identify the 
agents who bear the costs (Just et al. 1982; Boyle and Bishop 1987). 
Although these costs are frequently overstated by including employment 
issues—which are simply interregional transfers—the costs are often 
readily available. 

Given the likelihood that benefits will be underestimated and costs will 
be fully or perhaps overestimated, it is often difficult to justify species pro¬ 
tection on benefit-cost grounds. Thus there are few examples of 
benefit-cost analyses that indicate that species preservation is economi¬ 
cally efficient (e.g., see the northern spotted owl, Rubin et al. 1991; Hagen 
et al. 1992; Douglas and Taylor 1999; see Olsen et al. 1991 for the opposite 
conclusion). Opponents of preservation advocate benefit-cost analysis in 
listing decisions because the difficulty of capturing the benefits is well 
known (Just et al. 1982). 

Cost-Effectiveness 

One commonly used economic tool is cost-effectiveness analysis (CEA). 
The CEA approach is to evaluate the cost of alternative preservation sce¬ 
narios to determine the least expensive way to reach the policy goal. Thus, 
if maintaining a viable population is the goal, the CEA evaluates and ranks 
the costs for maintaining and/or purchasing land tracts that provide the 
requisite habitat. Resource managers might prefer to purchase the cheap¬ 
est land, or to purchase expensive land that yields more habitat value per 
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dollar. There are a variety of optimization routines that can be used to 
search for the combinations of habitats or policies that reach a specific level 
of species protection at minimum cost. This technique has been applied to 
trace out the minimum costs of increasing the certainty of survival of 
northern spotted owls in the Pacific Northwest (Montgomery and Brown 
1992, Montgomery et al. 1994; Hof and Raphael 1997). 

Safe Minimum Standard 

The safe minimum standard (SMS) takes cost-effectiveness analysis a step 
further by providing a guide to decision making (Bishop 1978; Ready and 
Bishop 1991). SMS states that species protection is warranted unless a 
cost-effectiveness study indicates that the social costs are unacceptably 
large. Of course, the numerical values that result in an unacceptably large 
cost depend on one's perspective. Note that it is possible to compensate the 
agents incurring the costs. For example, under the Forest Plan for a Sus¬ 
tainable Economy and a Sustainable Environment (Clinton and Gore 
1993), the Northwest Economic Adjustment Initiative (NEAI) made 
approximately $1.2 billion available in Oregon, Washington, and Northern 
California to assist with economic transitions caused by reducing timber 
harvest to preserve northern spotted owl habitat. The NEAI was intended 
to assist workers and their families, businesses, and communities with 
adjusting and preparing for a more sustainable future (Tuchmann et al. 
1996). In this way, some of the costs of protecting spotted owls and their 
ecosystem-conserving habitat were spread across many beneficiaries. 

Total Economic Value as an Economic Framework 

An attempt to tie together the direct and passive use values into an over¬ 
all economic framework was first proposed by Randall and Stoll (1983) and 
later refined by Randall (1991). We adopt a broad definition for passive use 
value for RLK species where individuals who do not intend to make imme¬ 
diate use of such resources would nevertheless feel a loss if they were to 
disappear. Our definition includes existence value, option value, quasi 
option value, and bequest value, previously defined (also see Perrings et al. 
1995). The total social benefit is the sum of the recreation use value and 
passive use. However, from a policy perspective, all that matters is the 
magnitude of "total economic value," not the magnitudes of the con- 
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stituents. Thus Randall (1991) suggested that total economic value be 
elicited directly from respondents. 

For economists, the maximum amount of other goods and services an 
individual is willing (and able) to sacrifice to gain another unit of some¬ 
thing else is a fundamental measure of economic value. The preservation 
value of a species to an individual who has no contractual ownership or 
proprietary rights to the species is the individual's maximum willingness 
to pay (Hicks 1943; Just et al. 1982; Mitchell and Carson 1989). If, however, 
the individual has contractual ownership rights with respect to a species, 
then the appropriate value construct is the minimum amount of additional 
goods and services they would accept to give up continued existence of a 
species. This benefit measure is known as willingness to accept (WTA). 
Given that WTA is not strictly bounded by income, WTA usually exceeds 
willingness to pay (WTP) (Hicks 1943; Just et al. 1982; Mitchell and Car- 
son 1989; Hanemann 1991). If the services provided by a species have poor 
substitutes, WTA can greatly exceed WTP (Hanemann 1991). The appro¬ 
priate measure for any benefit-cost framework depends on the assignment 
of property rights (Hicks 1943; Mitchell and Carson 1989; Hanemann 
1991). Many economists prefer to use WTP in situations in which prop¬ 
erty rights assignment is ambiguous, because WTP is more conservative 
(Mitchell and Carson 1989). 


Measuring Nonmarket Benefits 

The measurement of nonmarket benefits often entails asking survey 
respondents questions about their monetary valuations because appropri¬ 
ate market prices do not exist. The most common survey techniques used 
to measure nonmarket benefits can be classified into two major groups 
including direct and indirect measurement. Direct measurement can be 
further classified into direct elicitation of value or WTP, and direct elicita¬ 
tion of behavior. The former is called contingent value and the latter is 
called contingent behavior (Mitchell and Carson 1989). The Contingent 
Value Method (CVM) is based on survey data (Mitchell and Carson 1989). 
CVM studies simulate referendum outcomes for tax-based expenditures. 
The CVM is used to value unpriced commodities such as logging restric¬ 
tions on the publicly owned Pacific Northwest forests in order to protect 
habitat for rare avian species (Rubin et al. 1991; Hagen et al. 1992). 


290 CONSERVATION OF RARE OR LITTLE-KNOWN SPECIES 

The outcome of the survey referendum simulation may be punitive 
penalties or costs incurred by private agents (Loomis et al. 1990; Arrow et 
al. 1995; Welsh et al. 1995). Several economists have argued that survey- 
based CVM simulated referenda are not a reliable guide to policy actions 
in such cases (Just et al. 1982; Kahneman and Knetsch 1992; Perrings et al. 
1995). Davis (1963) was perhaps the first economist to apply the CVM. 
Randall et al. (1974) and Carson et al. (1992, 2003) pioneered the use of 
CVM surveys to measure existence benefits. Many CVM-related issues 
are discussed in Mitchell and Carson (1989), Arrow et al. (1995), and Bate¬ 
man and Willis (1999). 

The primary indirect survey method is known as the travel cost method 
(TCM) and is based on respondents' reports of their behavior, or revealed 
preferences. Survey participants are drawn only from people who use the 
amenity, such as park visitors or on-site fishermen. Actual expenditures 
incurred to participate in the activity reflect individual willingness to pay. 
Because these expenses vary by distance from the site, some users gain con¬ 
sumer's surplus by living nearby. Assuming the utility of all visitors to the 
site is the same, the sum of consumer's surplus (i.e., benefits above costs 
incurred) reflects the net willingness to pay for using the site. Hotelling 
(1949) sketched the TCM concept in a letter. TCM approaches and issues are 
discussed in Clawson and Knetsch (1966), Just et al. (1982), Creel and Loomis 
(1990), and Ward and Beal (2000). When direct survey is precluded by insti¬ 
tutional constraints such as time or money limitations, a benefit transfer 
technique may be applied. When benefit transfer is done using meta-analy¬ 
sis (Loomis and White 1996a; Loomis 1999), the researcher finds values from 
existing studies of similar nonmarket goods with similar market conditions 
and then adjusts the estimate for a set of parameters that can be readily quan¬ 
tified, such as population, income, education, employment status, gender dis¬ 
tribution, age distribution, and ethnic group (Welsh et al. 1995). 

Differences in Valuing Existing and 

Hypothetical Projects 

Each method has its merits, and best applications depend on the attributes, 
including the time and budget for economic analysis, of the needed deci¬ 
sion. The TCM method is limited to existing projects, whereas the CVM 
can be applied to both existing and proposed projects. However, the 
required sample size and cost of implementation are smaller for the TCM 


Chapter 10. Economic Considerations 291 


because the survey is relevant to all the interviewees and the response rate 
is higher. The TCM observes actual behavior (revealed preferences), 
whereas the direct measurement methods inquire as to hypothetical will¬ 
ingness to pay for future consumption. The direct methods, especially 
CVM, are more susceptible to strategic behavior where respondents may 
guide their answers toward a particular personal agenda. The dichotomous 
choice version of CVM reduces this opportunity for bias. Loomis (1999) 
has obtained meta-analysis benefits estimates based on the application of 
the CVM. This study provided benefits estimates of proposed dam removal 
habitat enhancement for threatened Columbia River system anadromous 
fish species (Loomis 1999). 

Because existence and bequest values do not involve visits to a recre¬ 
ation site, there is no relevant travel cost for the amenities. Thus existence 
benefits CVM studies are used if offsite or nonuser values are critical com¬ 
ponents of the social value of a nonmarket amenity. Existence benefits 
CVM studies have been used by several economists to value rare species. 
Summaries can be found in Pearce and Moran (1994), Loomis and White 
(1996a, 1996b), and Jakobsson and Dragun (1996). In Table 10.1, we pres¬ 
ent estimates of annual household CVM WTP for terrestrial species. These 
estimates generally represent total economic value (e.g., use, existence, and 
bequest values). The few studies that have partitioned total value into use 
and existence value generally find that the bulk of the WTP total values 
are existence values (Mitchell and Carson 1989). 


Table 10.1. Estimates of annual household CVM 
willingness to pay for preservation of rare species (1993 dollars) 


Species 

Annual Value 
per Household 

Low Estimate 

High Estimate 

Northern spotted owl (a) 

$70.00 

$44.00 

$95.00 

Grizzly bear (b) 

$46.00 

— 

— 

Red-cockaded woodpecker (c) 

$13.00 

$10.00 

$15.00 

Bald eagle (d) 

$24.00 

$15.00 

$33.00 

Whooping crane (e) 

$35.00 

— 

— 

Bighorn sheep (f) 

$21.00 

$12.00 

$30.00 

Gray wolf—one time payment (g) 

$67.00 

$16.00 

$118.00 


Source: Table based on (a) Boyle and Bishop (1987), (a) Hagen et al. (1992), (a) Rubin et al. (1991), (b) 
Brookshire et al. (1983), (c) Loomis and White (1996a), (d) Stevens (1991), (e) Bowker and Stoll (1988), (e) 
Stoll and Johnson (1984), (£) King et al. (1988), (g) Duffield (1991). 

Note : Dashes mean no data. 
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The amenity in most of these estimates is a set of actions that would 
prevent extinction and thus represents an upper bound for evaluating poli¬ 
cies that increase the probability a species will persist (Loomis and White 
1996a). Although the per household preservation values for some species 
may be small, the total value may be large because amenities that provide 
existence benefits are pure public goods and can be extended to large pop¬ 
ulations. 

Questions of survey design, survey administration, and survey elicita¬ 
tion format have been widely discussed in the literature (Mitchell and Car- 
son 1989; Arrow et al. 1995; Welsh et al. 1995). Written mail-back surveys 
have lower response rates, higher mean bids, and noisier data than CVM 
survey data gathered from surveys administered by telephone (Mitchell 
and Carson 1989). Thus administration in person is usually recommended 
(Arrow et al. 1995). The National Oceanic and Atmospheric Administra¬ 
tion CVM panel (Arrow et al. 1995) recommends the use of the dichoto¬ 
mous choice format as the bid elicitation format. In a dichotomous choice 
format survey the respondents are given a specific WTP sum for an 
amenity and asked if they will pay the sum. This response is a "yes" or 
"no"; hence the elicitation format is said to be a "dichotomous choice." In 
older, open-ended CVM surveys respondents are asked to write down their 
maximum WTP amount. Often a payment card with a table of plausible 
WTP sums is listed in the survey to facilitate the solicitation of the WTP 
sum (Mitchell and Carson 1989). Although dichotomous choice is the pre¬ 
ferred format, it does generate higher estimates than open-ended surveys 
(Loomis et al. 1990; Welsh et al. 1995). 

For a considerable period after the first CVM and TCM studies were 
published, many resource economists noted that the two approaches gen¬ 
erated similar benefits estimates for use values (Carson et al. 1992). By 
contemporary standards, the benefits estimates were modest and often less 
than the cost of the amenity improvement or preservation in question, 
hence they seemed reasonable. The debate on the range of amenity values 
that are appropriate for each of the nonmarket valuation methods will con¬ 
tinue to provide interesting dialogue in the journals and is not likely to 
result in definitive recommendations for a while (Kahneman and Knetsch 
1992; Arrow et al. 1995; Perrings et al. 1995; Douglas and Taylor 1999; Car- 
son et al. 1992, 2003; Douglas and Harpman 2004; Douglas and Johnson 
2004). 
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Empirical Estimates of Economic Values 

Basic research has developed important uses for rare species and will con¬ 
tinue to do so in the future (Phillips and Meilleur 1998). Some species, 
especially plants, have proven valuable for direct medicinal purposes or as 
aids in diagnoses (Simpson and Reid 1996). Perhaps 25% of all medical 
drugs were originally derived from plants (Pearce and Moran 1994). 
Recent examples include taxol, originally derived from the Pacific yew 
tree, for treating ovarian cancer, and several other highly effective cancer 
drugs (Janni 2003). The rosy periwinkle has provided compounds that are 
the basis for cancer-fighting drugs with global sales that have exceeded 
$100 million (Janni 2003). 

Valuation of medicinal benefits is difficult. One approach has been to 
use the market values of the bioprospecting contracts by pharmaceutical 
companies. These range from $175,000 for the enzymes and bacteria at 
Yellowstone National Park to as much as $3.2 million for the right to take 
30,000 samples of Brazilian biota (Nunes and van den Bergh 2001). 
Another valuation venue is to infer value from the end result of using the 
drugs that provide a longer life expectancy and improved health. This pro¬ 
cedure allows the analyst to tap into a well-developed literature on the 
value of marginal increases in life expectancy and health. 

However, it is difficult to determine the probability that a given species 
will yield any medicinal value. Pearce and Moran (1994) suggest that this 
probability is between 0.1 and 0.01%. The small probability makes the 
expected value of preserving any single species for medicinal applications 
quite low, despite the fact that the value of a statistical human life ranges 
from $4 to $7 million (Pearce and Moran 1994; Viscusi 2004). Nonetheless, 
it is possible, or perhaps likely, that wild plant species make a multibillion- 
dollar contribution to the medical well-being of humans (Pearce and 
Moran 1994). Given the present lack of knowledge regarding which of the 
millions of species are critical to treating current and future diseases, there 
is a substantial quasi option value to maintaining the species in situ (see 
also chaps. 3, 4, and 5 for values for RLK species). 

Wildlife resources in general can have high direct use values that 
may be captured for local communities through visitor fees or recreation- 
associated economic activities (Perrings et al. 1995). For example, 
rare species may be global tourist attractions. Whooping cranes attract 
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bird-watchers from around the world (Stoll and Johnson 1984). Costa Rica 
has protected nearly 10% of their country from development, and concern 
for the environment has made the country a major ecotourism destination 
(Perrings et al. 1995). Tourism provides two types of benefits. First, it pro¬ 
vides a consumer surplus value to the consumer. This consumer surplus can 
be measured as the visitors' net WTP above their travel costs. Second, it 
provides employment opportunities and tax revenues to the host country. 

Wildlife viewing values for whooping cranes and bald eagles provide 
some indication of the value of rare species as ecotourism attractions. Stoll 
and Johnson (1984) studied the Arkansas National Wildlife Refuge, where 
nearly 100,000 people visit during the whooping crane migration there. 
Bowker and Stoll (1988) calculated WTP for a visit with and without 
whooping cranes, and found a net WTP of $2.50 per person viewing the 
cranes. With nearly 100,000 visitors each year, the aggregate benefits con¬ 
ferred are $250,000 per annum. $wanson (1996) estimated the mean WTP 
per trip for bald eagle viewing on the $kagit River Bald Eagle Natural Area 
in Northwest Washington to be about $55.69. With more than 4000 visi¬ 
tors per year, the net aggregate WTP was $223,000. Nonmarket resources 
have been valued on a regional basis as Peterson et al. (1992) did for Alaska 
wildlife. 

There is some documentation of sizeable values for species with declin¬ 
ing populations that are endemic to a region. $tevens et al. (1991) esti¬ 
mated that New England survey respondents have annual CVM WTP val¬ 
ues of $19, $12, and $8 for bald eagle, wild turkeys, and Atlantic salmon, 
respectively. The study provided critical assessments of CVM benefits esti¬ 
mates for wildlife preservation. 

The activity of bird-watching is linked to participants' desire to observe, 
photograph, and/or provide feed to regionally rare avian species. Birders in 
the United Btates spend over $20 billion per annum on seed, equipment, 
and travel (Kerlinger 1993). This expenditure estimate has robust policy 
implications because it is much larger than CVM wildlife preservation- 
linked benefits estimates. 


Green National Accounts 

Increased awareness of the importance of natural resources and the envi¬ 
ronment has led to a movement to supplement U.$. national economic 
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accounts by including changes in the abundance of natural resources and 
the environment (Nordhaus and Kokkelenberg 1999). Modifying the 
national accounts to include physical and environmental assets reflects the 
desire to construct indicators that incorporate sustainable development 
constraints. Existing market-based accounts are not realistic because both 
economic and social welfare depend upon many excluded nonmarket activ¬ 
ities. Traditional national income accounts report the value of the final out¬ 
put of goods and services. Limiting the accounts to market transactions 
produces estimate bias. This artificial boundary distorts our measures of 
economic activity. For example, GDP captures the value of recreating in a 
commercial facility, while some of the value(s) of recreating on the public 
lands and waters are excluded. 

Other green goods and services that are omitted include changes in the 
quality of physical assets such as air and water (U.S. Environmental Pro¬ 
tection Agency 1997). Increasing GDP often entails a decrement in the 
quality and quantity of renewable and nonrenewable resources (Elartwick 
1997). Allowances are made in the national accounts for depreciation of 
structures and equipment but not for the depletion of petroleum pumped 
from reservoirs. Adjustments are made for damage to physical capital but 
not for the deterioration of an urban air shed. Economic techniques have 
been developed and are under constant refinement for measuring the 
money value of these types of nonmarket goods on a regional basis. How¬ 
ever, these techniques have not been applied on a national scale (Nordhaus 
and Kokkelenberg 1999). 

Creation of environmental accounts can provide valuable information 
on the interaction between the environment and the economy. This will, in 
turn, help economists to determine if environmental capital is being used 
in a sustainable manner by providing data on the effects of different pub¬ 
lic management policies, regulations, and taxes on the growth or degrada¬ 
tion of environmental capital. Augmented national economic accounts 
would provide better measures of all outputs that provide social utilities. 

The current market-based GDP could be maintained and satellite 
accounts developed that account for environmental services (Cobb et al. 
1995). Providing information on the structure and interactions of the 
economy and the environment is increasingly recognized as an essential 
function of government (U.S. Environmental Protection Agency 1997). 

The Bureau of Economic Analysis of the U.S. Department of Commerce 
has explored the issues involved in adjusting the GDP to include activities 
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associated with the environment and natural resources (Nordhaus and 
Kokkelenberg 1999; Nordhaus 2005). Congress subsequently suspended 
the Bureau's work pending an independent review by the National 
Research Council's Committee on National Statistics. That process was 
completed and the committee's findings are available (Nordhaus and 
Kokkelenberg 1999). 

From an economic standpoint, an ideal model would be where price 
varies when environmental effects result during production. As such, eco¬ 
nomic actions taken by a firm would have direct and measurable environ¬ 
mental consequences that are reflected by changes in price. The model 
could incorporate profit optimization, relate nonmarket costs to market 
costs, and minimize the output of negative effects related to the output of 
positive outcomes for a given price structure by industry (including tax, 
subsidy, etc.). The model would be complex and at first costly, because lim¬ 
its on expected environmental effects would be defined uniquely over 
many ecosystems rather than only as a national total. Relevant ecological 
information has generally been inadequate to specify this type of compre¬ 
hensive model, but new thrusts at the federal level to develop environmen¬ 
tal indices may soon remove that shortfall. 


Conclusion 

Economists have observed that the market system can help protect endan¬ 
gered species but the result can be uneven and sporadic. For example, trad¬ 
able pollution rights may result in excess protection in one region and 
insufficient protection in another, thereby causing irreversible species loss 
in the underprotected region (Just et al. 1982). The tradable pollution 
rights method can fail because it does not incorporate a safe minimum 
standard (Perrings et al. 1995). Thus it is critically important to study the 
effects of alternate methods used to protect species. 

If minimum physical thresholds are required to retain viability of pop¬ 
ulations of species, these limits must be set by regulatory mechanisms 
such as the Endangered Species Act (Hartwick 1997). Actions by individu¬ 
als or organizations contrary to the maintenance of environmental thresh¬ 
olds must often be precluded by vigorously enforced regulations. 

In this chapter we discussed a wide array of nonmarket valuation tech¬ 
niques for valuing RLK species. For public and private policy to fully 
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reflect the wants and desires of individuals and society, it is critical that 
preservation benefits as well as costs be considered in natural resource 
allocation decisions. Thus a wide assortment of alternative decision rules 
based on criteria linked to the valuation criteria are currently available. 
However, economics should not be the sole criterion by which society 
decides to preserve RLK species. Other social criteria such as equity or 
ethics play a central role (chap. 9). Still, one advantage of explicitly evalu¬ 
ating the economics of species preservation is that benefits are often larger 
and costs lower than one might expect (Just et al. 1982). Society must make 
decisions in this arena that incorporate information from various sources 
and considerations including economics, ecology, politics, and environmen¬ 
tal justice. 
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Implementation Considerations 

Deanna H. Olson 


During implementation of any resource management program, 
numerous considerations can alternatively facilitate or constrain program 
development. Such considerations may have socioeconomic, political, or 
scientific foundations and can functionally serve as program "drivers," 
"pivots," or "barriers" to implementation (Olson et al. 2002). Drivers are 
the impetus factors that instigate programs, pivots are issues that cause the 
path of a program to change, and barriers stall program development. They 
may occur anytime, during program initiation or later. These implementa¬ 
tion considerations are especially critical to address during the planning 
phases of conservation programs for rare or little-known (RLK) species. 
Many can interact directly with the conservation approach selected, 
whether it is a species- or systems-based approach. Implementation con¬ 
siderations can ultimately determine program or approach effectiveness. 

Eight programmatic considerations are particularly crucial for success¬ 
ful conservation of RLK species (table 11.1). These include authority, pri¬ 
orities, risk and uncertainty attitudes, capability, accountability, adaptive 
management, monitoring, and communication. Key considerations are the 
authority, capability, and accountability of programs. Like three legs of a 
stool, these elements stabilize successful conservation programs, which 
may falter or collapse if they have not been well developed during design 
and initiation stages, or effectively monitored and adapted later. Interest¬ 
ingly, these eight considerations are not mutually exclusive categories, and 
intricate interdependencies may develop. Program priorities tie authority 
to capability. Without sufficient authority and capability and clear priori- 
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Table 11.1. Eight implementation considerations 
may function to facilitate or constrain rare or 
little known (RLK) species conservation programs 


Consideration 

Authority 


Priorities 


Risk and 
uncertainty 


Capability 


Accountability 


Adaptive 

Management 

Monitoring 


Communication 


Key Elements 

• Legal foundation of RLK species conservation (e.g., laws, 
policies, statutes) 

• Enforcement may vary despite legal framework 

• Leadership and advocacy can be a socially authoritative force 

• Agency or institutional ownership of program can enhance 
program authority 

• Clear goals and measurable objectives are needed 

• Targets may vary with different RLK species 

• Objectives may vary with time, spatial scale, or taxonomic 
group 

• Science-based objectives are needed. 

• Risk to species may be relative to abundance levels or 
persistence 

• Risk attitudes vary among stakeholders and should be 
acknowledged, some may have no-risk philosophies and some 
may have an acceptable-risk level 

• Uncertainty captures both unknowns and errors 

• Components include funding, time, effort, species recovery 
potential, and personnel infrastructure (persons with biological, 
technical, and administrative skills provide five functions: 
design, management, monitoring, analysis, and communication) 

• Measurement of successful program implementation and RLK 
conservation, which is tied to adaptive management, monitoring 
and communication 

• A dynamic program design can include a cyclic learning 
environment, where all program aspects are revisited and 
changed to improve the program as knowledge accrues over time 

• Implementation, validation and effectiveness monitoring may 
be implemented 

• Effectiveness monitoring objectives should match overall 
program objectives, and these should be measurable, science- 
based, and short- and long-term 

• RLK species may introduce monitoring difficulties due to 
abundance or distribution issues and should be considered 
during objective-setting procedures 

• A multipronged monitoring approach may be needed 

• Stakeholders need updates on design, implementation, and 
effectiveness of RLK species conservation programs 

• Reports, meetings, and electronic venues for information 
should be used, with each likely being received by different 
audiences 

• Clarity of communications is paramount 





Chapter 11. Implementation Considerations 305 


ties, species conservation efforts can be immediately futile, whereas 
accountability may be a factor with delayed impact upon a program. Inte¬ 
gral to capability is adaptive management, an element that is also critical 
to accountability. Accountability further relies on the considerations of 
monitoring and communication. A consideration of particular importance 
for RLK species are the assessments of and responses to risk and uncer¬ 
tainty. Each of these eight implementation considerations is described fur¬ 
ther in the following sections. 


Authority 

The authority of species conservation programs for RLK taxa is often tied 
directly to the legal foundation upon which it is based, the clarity and 
specificity of policies, and their enforcement (see also chaps. 2 and 10). If 
RLK species protection guidelines do not have a legal basis, they may have 
reduced authority and strength to achieve the stated objectives. A concep¬ 
tually effective species- or systems-based approach for RLK species con¬ 
servation (chaps. 6 and 7) may falter if it garners little authoritative 
enforcement. 

Legal issues are often drivers of species conservation programs and may 
have several forms, including statutory laws, jurisdictional issues relative 
to landownership, and certification incentives for private landowners 
(chap. 2). Each has a particular scope relative to species management, either 
limiting the species or the lands included for protection. Laws, regulations, 
or guidelines address species directly or indirectly by addressing geo¬ 
graphic areas, ecosystems and habitats, and threats to species or systems. 
Thus, depending upon the conservation approach (species, systems) 
selected for RLK species, different regulations or a mix of regulations may 
apply. RLK species considered under several policies, such as species, habi¬ 
tat, and threat laws, may result in more effective piggy-backed protections. 
Some aquatic riparian-dependent species may exemplify this if they are 
addressed by species laws and other clean water or habitat-based protec¬ 
tions. 

Despite the potential for successful rare species management, gradients 
in authority resulting in variable effectiveness are evident across U.S. state 
and federal agencies. Federal species laws such as the Endangered Species 
Act (ESA), Marine Mammal Protection Act, and Migratory Bird Treaty Act 
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carry established legal weight and have strong track records of enforce¬ 
ment. The ESA is the most powerful statute to directly prevent rare species 
from extinction on all U.S. lands. For target species to be listed as federally 
threatened or endangered, they must not only fulfill criteria for rarity, 
they must also demonstrate losses or threats and lack of existing mitiga¬ 
tions to stem losses. Thus this statute does not apply to all species that may 
be considered rare, only a subset in the direst situations such that extinc¬ 
tion is imminent and a listing package has been developed. ESA listing has 
been considered a "last resort to species conservation" (Restani and Mar- 
zluff 2002). Existing knowledge is used to base an ESA listing decision. 
Such decisions may exclude little-known species for which insufficiency of 
information may be cited. Consequently, the authority of the ESA will 
apply to only a small subset of RLK species. Once a species is ESA listed, 
recovery is usually addressed with species-based approaches, in part due to 
the direct accountability back to the species of concern. Of the spectrum of 
species approaches, ESA recovery plans are always species-specific rather 
than surrogate species, geographically based, or systems-based approaches. 

Similar to the ESA, federal species management provisions tied to a 
Record of Decision, such as the former Survey and Manage provision of 
the Northwest Forest Plan (USDA and USDI 1994; Molina et al. 2006), 
have greater authority than other more internal policy statements or plan¬ 
ning guidelines. Public oversight and threat of litigation on federal threat¬ 
ened and endangered species issues and rare species issues tied to Records 
of Decision have undoubtedly played key roles in their enforcement. Reg¬ 
ulations of the 1976 National Forest Management Act (NFMA) carried 
almost 20 years of case law that served to clarify its interpretation and 
greatly aided specificity and hence authority of those policies, particularly 
as they relate to biodiversity issues. Depending upon the provision consid¬ 
ered, such Record of Decision provisions may apply to species- or systems- 
based approaches. 

In contrast, other policies, such as the federal agency sensitive species 
programs, have historically been tied to documents that carry considerably 
less authority and are less prescriptive. Subsequently, they have not been 
as readily subject to litigation and have been more flexible in implementa¬ 
tion. The flexibility in federal sensitive-species programs is demonstrated 
both among and within regions, which vary dramatically in the interpre¬ 
tation and implementation of common national guidelines. Criteria for 
rare or concern-species inclusion within sensitive-species programs may 
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differ across administrative units. For example, during the evaluation of 
mollusks for inclusion in federal agency sensitive-species programs in the 
U.S. Pacific Northwest, some taxa were afforded listing within some 
administrative units and not in other neighboring units due to the differ¬ 
ent evaluation criteria applied in each (USDA and USDI 2004a). Little- 
known species may again fail to meet information sufficiency criteria to be 
included in such programs. Although it may seem that sensitive species 
programs would logically be species-specific approaches to conservation, 
many may rely on surrogate species, geographically based, or habitat- 
based protections instead that may be less effective for RLK species (chaps. 
6 and 7). 

Furthermore, the lands to which different statutes and policies apply 
may vary For example, federal policies may differ among lands often 
regarded as types of reserves, such as national parks, federal wilderness 
areas, and resource natural areas. Also, city or county ordinances may 
carry considerable authority within local communities and differ from 
direction on adjacent lands. In particular, how different policies interact 
with property rights laws requires consideration on privately owned lands 
(chap. 10). Thus species- or systems-based approaches to species conserva¬ 
tion that cross lands with different statutes may have varying authority 
and enforcement. This may be a critical implementation consideration for 
species with broad potential ranges, or systems approaches with large spa¬ 
tial extents. Varying authority among stakeholders could result in a mosaic 
of program effectiveness that would need consideration in conservation 
program design phases. 

State boundaries may be particularly troublesome in this regard, rela¬ 
tive to both federal and state statutes that differ with state lines. Some U.S. 
state governments have strong programs for threatened, endangered and 
sensitive species, and biodiversity generally, whereas others do not. A com¬ 
parison of state laws, policies, and programs for biodiversity recently was 
compiled by the Defenders of Wildlife (http://www.defenders.org/bio- 
st00.html). They found only four states had formal biodiversity policies, 
and one state endangered species act provided as much basic protection as 
the federal act. These state policies carried various authorities, including an 
interagency memorandum of understanding and initiatives (California); a 
governor executive order (Kentucky); and laws (New York, Michigan). 
Despite biodiversity or rare species policy development, implementation 
has generally lagged or lacked enforcement. For example, in New York, a 
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recent survey of amphibians and reptiles sold in state pet stores detected 
15 of 29 (52%) state species of concern, including 4 of 16 (25%) protected 
species that required a license for possession (Hohn 2003); Hohn thus pro¬ 
posed a review of state regulations. This situation is likely echoed in many 
other states, as regulations relative to many rare, little-known, or some¬ 
what low-profile species are not well understood or enforced. 

Authority is not strictly a legal issue but can also be a social force (chap. 
8). Rare species do not become recipients of either concern or law without 
advocacy. Bioethics and aesthetics are involved in social forces, as biota are 
considered critical resources and values to many individuals and may be 
significant drivers of conservation practices. The role of key individuals can 
be critical drivers of biodiversity conservation. In particular, individuals in 
leadership roles may effectively drive a program. In Brazil, a large number 
of conservation advocates have played pivotal roles in the development of 
the nation's protected areas (e.g., Mittermeier et al. 2005; see also other 
papers in Conservation Biology 19[3]). In northern Italy, Bani et al. (2002) 
listed both legislation and land management leadership among circum¬ 
stances that can lead to effective implementation of ecological networks for 
conservation. In the United States, ESA listing of some species has resulted 
from the actions of primarily one or a few concerned professional biolo¬ 
gists (e.g., Houston toad [Bufo houstonensis], Brown and Mesrobian 
2005). 

Leadership may not require key individuals but instead may result from 
agency representation or cooperative partnerships forged during the plan¬ 
ning and decision-making process. If a rare species conservation program 
has been developed by an agency, institution, or partners such that they 
have direct ownership in its policies, are stakeholders in its success, and 
control lands over which it is implemented, then sufficient authority may 
exist for program success. The Natural Community Conservation Plans 
program in the State of California (e.g., Pollack 2001a, 2001b) provides a 
model in this regard. It was initiated to preserve biodiversity via coopera¬ 
tion among landowners, conservation organizations, the public, and gov¬ 
ernment agencies at the local, state, and federal levels. Social authority 
applies equally to conservation programs with species or systems 
approaches, and conceptually to both little-known and rare species. 

Problems arise, however, if biodiversity conservation priorities (legally, 
ecologically, or socially driven) are not paramount to conflicting land man¬ 
agement objectives, particularly those with socioeconomic bearing (e.g., 
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conflicting social or economic values from an area considered for conser¬ 
vation; chaps. 9 and 10). Stankey and Shindler (2006) address this concept 
in their assertion that rare species conservation is a fundamentally 
sociopolitical issue. They maintain that success follows accepted social 
goals and the stability of long-term social institutions. Likewise, Meffe 
(2001) called conservation biology the "'science of engagement' in addition 
to the traditional 'science of discovery'" (see also Robertson and Hull 2001; 
Song and M'Gonigle 2001). Without social understanding or support for 
rare species, conflicts arise, and the authority of a conservation program 
can be challenged and compromised if policies are vaguely outlined or 
overly discretionary in their implementation. As time and budgets always 
tend to be at a premium, perceived optional programs or programs 
described with indistinct language may not be wholly implemented in the 
spirit originally intended. Rare species policies with specific requirements, 
prescriptive standards, and guidelines are more enforceable than recom¬ 
mendations with conditional (e.g., "should") language. The Natural Com¬ 
munity Conservation Plans of California mentioned earlier were initiated 
in 1991 via multiple partnerships, and within a decade resulted in the 
development of 2001 legislation to formalize the process, enhancing its 
authority A legal framework for rare species conservation programs will 
serve to ameliorate the potential swing of a sociopolitical pendulum. 

In summary, authority issues are inherently multifaceted. Enforceable 
regulations, leadership, advocacy, and sociopolitical tendencies may deter¬ 
mine the authority or acceptance of a conservation approach for rare 
species. Current species laws promote effective protection of primarily a 
small subset of those RLK species we have considered in this book, using 
dominantly species-based approaches. Little-known species appear partic¬ 
ularly vulnerable to a lack of authority and enforcement of protections. 
Lack of knowledge can be used to divert attention from these taxa and may 
promote an unawareness or lack of focus on such species. 


Priorities 

Clear direction is essential for any program, and priorities need to be set at 
several levels for RLK species conservation programs (chaps. 2, 3, and 5). 
These priorities will directly reflect the balance of multiple resources and 
the conservation approach selected, whether species or system based. Pri- 
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orities may serve as pivots or barriers constraining full implementation of 
conservation ideals. At the highest levels, how do rare species programs 
rank with other conflicting programs that may be implemented on com¬ 
mon landscapes such as those for timber harvest, hydroelectric power, 
urban development, recreation, and fire suppression? Are biodiversity 
goals on a par with socioeconomic objectives? Are conservation objectives 
policy-driven or evidence-based targets (Svancara et al. 2005) ? As conflict¬ 
ing objectives are addressed, are there established orders of importance or 
mechanisms to determine trade-offs (see also chap. 9) ? Are species priori¬ 
ties subject to established processes of adaptive management as system 
capability is matched with multiple land and resource objectives? Or do 
priorities swing with the sociopolitical pendulum, as implied earlier? A 
strong and stable commitment by the leadership of a region will be needed 
to support rare species goals (Molina et al. 2006), tying priorities to both 
authority and capability. 

In the United States, a complex web of stakeholder interactions affects 
rare species management under the ESA, including priorities enacted by 
Congress, the public, the states, nongovernmental organizations, and fed¬ 
eral agencies (Restani and Marzluff 2002). The interplay of stakeholders 
can fluctuate with geography, time, and rare species management pro¬ 
grams. In different circumstances, diverse entities may play dominant roles 
in this network, with the outcome of priorities being a function of advo¬ 
cacy, legal authority, and funding capability. 

Once RLK species conservation programs are established, in addition to 
the need for overarching vision, mission, and goals statements, concise lan¬ 
guage for species objectives and priorities is needed. Clarification of poten¬ 
tially vague terms such as "rare," "conservation," "protection," "viability," 
"persistence," "diversity," "at risk," or "restoration" are essential (chaps. 3 
and 4). Although this may be considered primarily a semantic matter, it is 
by no means trivial. Furthermore, measurable objectives are paramount 
(Tear et al. 2005). Later, accountability of a program will be tied directly to 
the levels to which target objectives are met, and hence those targets need 
to be explicitly defined and measured. Communication avenues will need 
to use precise language during program development and later during 
accountability reporting. 

In addition to setting clear and measurable targets, Tear et al. (2005) 
provided three additional fundamental principles and six standards for set¬ 
ting conservation objectives. Their principle to "separate science from fea- 
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sibility" emphasized use of science-based information to set objectives, 
which can later be considered relative to practicality or capability con¬ 
straints. Similarly, the evidence-based approach described by Svancara et 
al. (2005) favors use of science to set conservation objectives. Sanderson 
(2006) further describes various approaches to setting population-based 
targets for animals. The principle proposed by Tear et al. (2005) to "follow 
the scientific method" speaks to developing a transparent and repeatable 
process during goal setting. Their last principle, "anticipate change," is an 
up-front acknowledgment during conservation plan development that 
objectives are expected to change as knowledge is accrued. This principle 
ties the objective to the adaptive management process, discussed later. The 
six standards given by Tear et al. (2005) provide additional guidance for 
creating conservation priorities that can lead to successful programs. These 
include (1) use the best available science; (2) provide and evaluate multiple 
alternatives; (3) set short- and long-term objectives; (4) as possible, incor¬ 
porate conservation concepts of representation, redundancy, and 
resiliency; (5) tailor objectives to the biological system, rather than adopt¬ 
ing generic standards used elsewhere; and (6) evaluate errors and uncer¬ 
tainties. Tear et al. (2005) provide case studies to show how these guide¬ 
lines have been applied, including a species- and systems-based approach. 

An important consideration for RLK species, in particular, is that species 
conservation objectives can differ in the relative rarity status threshold 
they use to differentiate program emphasis, as well as the spatial scale 
(global to local planning area, species range to specific site locality), or bio¬ 
logical scale of organization (sites, populations, species, biodiversity) at 
which they focus efforts. Programs may place emphasis on preventing 
extinction; conserving biodiversity; precluding federal listing as threatened 
and endangered; ensuring against future regulatory changes (i.e., "no sur¬ 
prises" agreements); identifying species with a downward population 
trend, population declines or disappearances; restoring species to a secure 
status; maintaining stable, well-distributed populations across species' 
ranges; and/or gathering basic species' information to better assess species 
risks and effectively address conservation goals. Although many programs 
blend these concepts, for those using species approaches there is a gradient 
in species rarity targets from maintaining a species inventory list for bio¬ 
diversity conservation (simplistically, only "species presence" or represen¬ 
tation addressed per area), through precluding federal listing as threatened 
and endangered (e.g., maintaining taxa above a minimal threshold for 
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likely persistence), to maintaining well-distributed populations across a 
species' range. On one hand, a minimalist approach to biodiversity main¬ 
tenance can be the target, and at the other extreme, assurance of thriving 
populations across the range may be the goal (see also Sanderson 2006). 

Hierarchical objectives across scales may be most effective, with site- 
specific information gathering and conservation targets for local popula¬ 
tions balanced with landscape-level goals for information gathering and 
conservation of metapopulations, larger scales of biological organization, 
and systems or processes. For example, Semlitsch (2002) includes mainte¬ 
nance of both local habitats and connectivity among them as critical ele¬ 
ments of effective recovery and restoration plans for aquatic breeding 
amphibians. This melding of species- and systems-based approaches is 
likely the most holistic and subsequently successful in meeting conserva¬ 
tion goals because it not only provides for a species-population but buffers 
it within a resilient ecological network. 

Furthermore, if a program includes diverse taxa, multiple species- 
specific issues and priorities need to be addressed (chap. 4). Given the com¬ 
monness of rarity and taxonomic diversity, different criteria may be 
imposed to set priorities (i.e., tailor objectives to the biological system, Tear 
et al. 2005). Known rare species might be distinguished from those that are 
little known for a two-pronged approach addressing relevant information 
and conservation needs of the different categories. If taxonomic bias exists, 
it should be recognized. Some programs differentiate objectives among 
taxa, others set criteria with inherent taxonomic bias, and some result in 
bias due to priorities set during program implementation. A few examples 
illustrate this. Clark et al (2002) found, "taxonomic bias was pervasive in 
[ESA] recovery plans," with vertebrates receiving more attention than 
other taxa. They cite two legal constraints contributing to this bias: U.S. 
congressional earmarking of funds for select species and ESA language 
giving greater protection to animals than to plants. Restani and Marzluff 
(2001) found that, among avifauna, charismatic species (e.g., eagles, owls, 
woodpeckers) received the majority of recovery funds and efforts, rather 
than taxa with more highly ranked conservation priority. They also cite 
the role of sociopolitical efforts in this process: congressional earmarking 
and litigation by special interest groups for select high-profile species. 
Similarly, Restani and Marzluff (2002) reported that ESA recovery expen¬ 
ditures did not track species priority ranks and attributed this to a variety 
of social, political, and institutional barriers. In particular, they found 
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recovery funds limited for species with low public appeal and little eco¬ 
nomic impact. 

In the U.S. federal Northwest Forest Plan (USDA and USDI 1994), 
species conservation priorities were met with a combination of systems 
and species approaches to land management. Species protections were 
stratified by the bulk of taxa being addressed by surrogate species or habi¬ 
tat mitigations, and a minority of taxa addressed individually. For those 
RLK species addressed individually, standards for vertebrate species under 
the 1976 National Forest Management Act viability provision were applied 
to nonvertebrate species "to the extent practicable" (USDA and USDI 
1994, 2000, 2001). This practicality clause was somewhat open to interpre¬ 
tation, but certainly tied to programmatic capability (discussed later). Prac¬ 
ticality was further included in differentiating categories of species protec¬ 
tion under the Survey and Manage provision of the Northwest Forest 
Plan; two categories included the criterion that surveys were not practical 
(USDA and USDI 2001). Survey practicality referred to the "ability to rea¬ 
sonably and consistently locate occupied sites during surveys prior to 
habitat disturbing activities" (see also chap. 4). Two main issues led to pre¬ 
disturbance surveys being not practical. First, there may have been a low 
detection probability because the species do not produce identifying struc¬ 
tures annually or predictably, or they may have identifying parts but they 
are visible for only a very short time. This was an issue dominant in many 
forest fungi with life histories including infrequent fruiting. Second, there 
may have been an inability to readily identify a species due to its minus¬ 
cule size, identification methods requiring efforts beyond simple field or 
laboratory procedures, or species knowledge restricted to a limited number 
of experts. This practicality constraint had initial taxonomic bias relative to 
fungi, lichens, bryophytes, and mollusks due to the poorly known status of 
these taxa relative to others and to the lack of general knowledge or 
expertise about the taxa (see chap. 2). With time, as expertise was gained 
in the Survey and Manage program, solutions to some practicality con¬ 
straints were developed for several taxa (e.g., species identification con¬ 
straints became resolved). 

Additional examples of taxonomic bias in rare species protections are 
evident. In 2002, the U.S. Forest Service Pacific Southwest and Pacific 
Northwest lists of sensitive species did not include fungi, lichens, 
bryophytes, or many invertebrates. Their standards for inclusion had eli¬ 
gibility criteria that may have preempted these taxa from consideration. 
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As already mentioned, information insufficiency is one of these criteria 
used to prioritize among taxa for inclusion in rare species programs. Thus 
little-known species may be left out of rare species programs entirely, 
leaving them in a "catch-22" rarity pseudostatus without recognition or a 
mechanism to accrue information. Information insufficiency also applies 
to the next example: when the Pacific Northwest federal Northwest For¬ 
est Plan was developed, a species-specific approach was adopted for all 
taxa considered, except arthropods, for which functional groups were 
assessed. The rationale to treat arthropods differently included lack of 
information on an estimated 70 to 80% of known/suspected species, inad¬ 
equate surveys, and suspected greater diversity than any other class in 
Pacific Northwest forests (USDA and USDI 1993). Thus information 
insufficiency in addition to possibly practicality and expected program¬ 
matic capability, were key in this priority-setting process. In retrospect, 
relative to other taxa in the Survey and Manage program, the restdt has 
been almost a stasis in forest arthropod species information since the 
onset of this precedent-setting RLK species program. However, exceptions 
include new information on management effects on southwestern Ore¬ 
gon arthropod assemblages (e.g., Niwa and Peck 2002). Rather than dis¬ 
missal of little-known species groups as infeasible to consider in conser¬ 
vation efforts, biodiversity and community structure metrics (e.g., 
McCune and Grace 2002) offer an initial means to include such enigmatic 
RLK assemblages (e.g., soil biota, Wall 2004) into ecological studies and 
potentially conservation programs. 

In many cases, different rare species programs exist for plants and ani¬ 
mals, which can easily lead to distinct standards and priorities being 
applied to each. For example, the U.S. federal agency sensitive species 
programs are not always implemented equally between plants and ani¬ 
mals. Although this is difficult to quantify, botanical programs some¬ 
times appear better developed, having more effective multispecies sur¬ 
veys and more straightforward and simple conservation practices across 
taxa with common life histories (e.g., plants are sessile, facilitating com¬ 
mon approaches); faunal programs may rely less on field survey data and 
more on habitat assessments. Some of these flora-fauna program differ¬ 
ences may have roots in the differing educational systems for botany and 
zoology, with training for botanists being more evenhanded across taxa. 
In contrast, many agency animal specialists come from college or univer- 
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sity fisheries and wildlife programs that split training between aquatic 
and land fauna, and further may focus on game species: fishes, birds, and 
mammals. As a legacy of this educational bias, invertebrates and herpeto- 
fauna become the lesser-known taxa by default and are possibly neg¬ 
lected or deprioritized taxa in agency conservation programs. If program¬ 
matic funding is tied to fishing or hunting permits, as many state 
conservation programs are, then a taxonomic bias for species manage¬ 
ment may result if personnel are predominantly trained in fish and game 
taxa. Thus priorities may also result due to legacies of training, funding, 
or past program emphasis, rather than strict application of conservation 
criteria. 

Additionally, all taxa are not easily or equally distinguished into dis¬ 
crete units such as sites, populations, or species, thus requiring reconsider¬ 
ation of program objectives and priorities in terms of differing levels of 
biological organization per taxon. A site may indicate suitable habitat, an 
individual occurrence, or a population. Multiple site locations may be the 
same individual fungus, or may represent separate individuals within a 
population of small mammals, or may be discrete populations or species of 
mollusks. Site-scale management thus may have minimal to considerable 
meaning for species persistence. Some species have highly divergent 
genetic structures, demonstrating complex evolutionary histories. Discrete 
population segments may be highly relevant for management of such 
species complexes. They have been used to distinguish fish stocks into cat¬ 
egories of concern (e.g., Waples 1991; Nielsen 1995) and some other verte¬ 
brate populations for listing under the ESA (Pennock and Dimmick 1997), 
but the application of this conceptual framework across all taxa has lagged. 
Species designations have been difficult for some taxa such as fungi and 
mollusks (USDA and USDI 1993, 2000), providing challenges to develop¬ 
ment of species management guidance. Integration of biological scales of 
organization and spatial scales into species management priorities per 
taxon may be required. 

Overall, many guidelines are available when considering priorities for 
RLK conservation programs. Setting goals and objectives is a critical and 
dynamic process. In particular, objectives should be clear, measurable, sci¬ 
ence-based, short- and long-term, hierarchical across spatial scales, and 
specific to different biological contexts such as rare species, little-known 
species, taxonomic group, and rarity status. 
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Risk and Uncertainty 

In the development of any species conservation program, risk and uncer¬ 
tainty attitudes need up-front consideration. These are separate but 
related concepts. First, in conservation contexts, risk may mean a species' 
risk to persistence or risk of extinction. This is often expressed as a likeli¬ 
hood or probability estimate. The converse, likelihood of persistence, may 
also be used. Risk ratings may be developed subjectively or quantitatively, 
and might also be applied to habitats, habitat elements, processes, or func¬ 
tions. A risk "attitude" recognizes that different individuals assessing 
species' status or management may be comfortable taking different levels 
of risk. For some people or agencies, a conservation goal may to be to 
achieve a near-100% likelihood of species persistence over a set time 
frame, whereas for others, the goal may be lower. For example, during the 
development of the U.S. federal Northwest Forest Plan, species that were 
rated as having less than an 80% likelihood of being well distributed in 
the planning area were considered for additional protections (USDA and 
USDI 1993,1994). In this regard, an 80% level may be interpreted as the 
acceptable risk level. 

Risk attitudes are particularly variable among diverse conservation 
stakeholders, including biologists, land and natural resource managers, and 
the public (see chap. 9). A no-risk conservation approach may be para¬ 
mount for some individuals and a priority for some conservation scenar¬ 
ios. This coidd highlight use of the precautionary principle to preserve 
species' or systems' potentialities and eliminate threats. In contrast, other 
individuals may view species and systems with an eye to their resilience, 
and consequently do not see all disturbances as such dire events; some 
risks might be acceptable because they are likely to affect species' abun¬ 
dances but not persistence. An approach with such risk may be warranted 
to balance conflicting priorities, such as the socioeconomics of managed 
lands, could be applied if a species' or system's situation were not necessar¬ 
ily on the brink of elimination, or may be used to test approach efficacies 
to advance knowledge. Programmatic risk attitudes need clarification so 
that various stakeholders with their own divergent risk philosophies can 
work together for a common goal (see consensus building, chap. 9). 

Uncertainty is the expression of unknowns or sources of error (chap. 5). 
For RLK species, unknowns pertinent to conservation may include their 
distribution, abundance patterns, habitat associations, dispersal ability, 
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reproductive rate, threats, and responses to disturbances. Uncertainty 
shrouds little-known species conservation, in particular. Questions of their 
basic biology and ecology, and how to approach effective conservation 
practices, outnumber known facts in many instances (chap. 4). For exam¬ 
ple, as aforementioned, species designations (i.e., scientific names) of many 
little-known fungi, mollusks, and arthropods have not been determined. 
How can they be fully considered in a conservation program given this 
most basic unknown? Unknowns may lead to conservative estimates of 
species' population, ecology, or life history components. In some circum¬ 
stances, uncertainty can be linked to a perception or assessment of risk to 
persistence. For example, a little-known species with poorly known distri¬ 
bution might be assumed to associate with particular habitats in an area, 
and consequently considered vulnerable to a variety of disturbances to 
those habitats. Risk to persistence from disturbances might be rated con¬ 
servatively high to account for such uncertainties. Although risk assess¬ 
ments may attempt to acknowledge uncertainty and separate it from a risk 
rating, such separation is difficult to achieve because the concepts are 
highly interwoven. 

Programmatically, uncertainty attitudes can be clarified. For example, 
many programs impose criteria to limit inclusion of little-known taxa, 
making them lower-priority considerations, and focus limited resources on 
better-known rare taxa. The federal Survey and Manage program had few 
exclusionary criteria and developed a programmatic process called "strate¬ 
gic surveys" to bolster information for these lesser-known species (USDA 
and USDI 2001, 2004b; Rittenhouse 2002, 2003; Molina et al. 2003, 2006). 
Strategic surveys included a diverse array of information-gathering 
approaches tiered to the need per taxon: library or museum searches and 
syntheses of information on species, field searches of known species' sites 
to collect additional habitat information, searches of specific areas for 
species occurrences such as near known sites or at current species range 
boundaries, and random survey designs to allow inference to larger land¬ 
scapes (Olson et al. 2007). Over 10 years of such information gathering, at 
a sum of about $13 million, a tremendous amount of uncertainty was 
reduced, advancing species' management approaches significantly (multi¬ 
species random surveys, ~$8 million, Molina et al. 2006; other strategic 
surveys, ~$5 million, Olson et al. 2007). 

Tear et al. (2005) addressed uncertainty in two ways in the guidelines 
for setting conservation objectives. First, they recognized that information 
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gaps should be identified as a step in a transparent, repeatable process that 
assesses program targets. Second, they incorporated an evaluation of 
errors and uncertainties relevant to conservation program development. 
These included three main types, errors in (1) species occurrence; (2) 
responses to conservation actions; and (3) species persistence. Hence, not 
only could uncertainty affect status assessments and development of con¬ 
servation program targets, it may also affect a clear understanding of pro¬ 
gram effectiveness. Conservation itself is an imprecise discipline, due to 
these interacting uncertainties in addition to the nature of often unpre¬ 
dictable sociopolitical and science interactions. Key points to consider, how¬ 
ever, are clear statements of known errors, known uncertainties, assump¬ 
tions when "in-lieu" data are being applied, and risk and uncertainty 
attitudes. 


Capability 

Capability includes the time, effort, resources, expertise, and recovery 
potential relative to RLK species conservation. These elements directly 
interact with authority and priority issues to determine program effective¬ 
ness. Capability is the engine that will move the species management 
"train" once it has an engineer and a track. The capability of a program is 
more often a barrier or pivot to conservation than a driver. 

At the most basic level, given authority, a conservation program cannot 
proceed without funds (chap. 10). Economic considerations are dominant 
drivers of any conservation program. Given funding, a management infra¬ 
structure can be built, and necessary expertise and tools acquired for pro¬ 
gram implementation. Both funding adequacy and funding stability over 
time are needed. Miller et al. (2002) reported that increased ESA recovery 
plan funding was associated with improved species status, but concluded 
that the funding level was less than 20% of the amount they estimated 
was needed "to get the job done." In contrast, Restani and Marzluff (2001) 
examined recovery spending for ESA-listed birds; for 85 species, total 
annual expenditures ranged from $75 million to $141 million. They iden¬ 
tified the 10 bird species receiving the most recovery funds from 1992 to 
1995, ranging from $2.2 million to $24.9 million annually per species, and 
of these only 5 showed increasing population trends. These were not 
species with the highest priority ranks, and expenditures on them likely 
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affected the recovery potential of species with higher-priority ranking 
(Restani and Marzluff 2001). A combination of sociopolitical and economic 
forces constrain full implementation of the ESA and explain common com¬ 
plaints that the listing process and development of recovery plans are slow, 
and the perceived overuse of the "warranted but precluded" category for 
species in apparent peril. 

The concept of recovery potential is an important capability issue, 
although complex to quantify due to its socioeconomic and ecologic con¬ 
texts. Miller et al. (2002) suggested that species recoverability was affected 
by the specific threats the species faced. Generally, they found recoverabil¬ 
ity was high for ESA-listed taxa examined that were affected by resource 
extraction, direct human-caused mortality, natural threats, and develop¬ 
ment, and was low if the threats were exotic species, dams/drainage/diver¬ 
sion, and altered disturbance regimes. Efforts placed on taxa that have 
restricted distributions or are vulnerable to extant threats but are not rare 
enough to be ESA listed may have particularly high conservation capabil¬ 
ity in this regard. Where threats can be managed, Restani and Marzluff 
(2002) suggested full implementation of the spectrum of legal and politi¬ 
cal frameworks to maintain healthy ecosystems (e.g., Clean Water Act, 
National Environmental Policy Act, National Forest Management Act) as 
measures to avoid ESA listing for such species. They pointed out that ESA 
provisions are "meant as a last resort of species conservation." As an exam¬ 
ple of this approach that focuses on recoverability of unlisted concern-taxa, 
the annual budget of the Survey and Manage program ranged from less 
than $5 million to $11 million (USDA and USDI 2004b; budget declined 
from $11 million in fiscal year 2001 to less than $5 million in fiscal year 
2004) and addressed over 300 RLK species. This program was compara¬ 
tively cost-effective in terms of dollars per species (e.g., relative to E$A- 
listed species' recovery plan costs noted earlier), and successful overall in 
reducing threats (primarily from timber resource extraction) and preclud¬ 
ing listing, at least in the first 12 years since its implementation. 

Capability of rare species conservation can depend upon the program¬ 
matic infrastructure, particularly the personnel with biological, technical, 
and administrative skills who implement the program. Infrastructure can 
vary widely with goals and priorities. A single-species conservation plan 
may require only a relatively small panel of consulting species experts 
working in conjunction with existing land managers and planners. This 
would be a relatively simple program to implement. $everal state-level 
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conservation plans for threatened species have developed recovery plans 
using this blend of personnel. These usually involve one or a few taxa and 
small spatial scales. Large-scale single-species programs or a regional mul¬ 
tispecies effort may require its own infrastructure of managers and plan¬ 
ners, taxon specialists, field crews, data managers, and analysts. In particu¬ 
lar, if little-known taxa are included in such a multispecies program, 
scientific expertise to identify species and develop species management 
guidelines may be limiting. If several little-known taxa are included, the 
program becomes much more complex to initiate and operate. If an effort 
crosses political or landownership boundaries, then the infrastructure may 
include a mix of individuals, organizations, agencies, and partnerships. 

Salafsky et al. (2002) categorized conservation practitioners by three 
skill sets (knowledge, programmatic, administrative) and five functional 
roles (design, management, monitoring, analysis, and communication). 
The resulting 15 areas of organizational expertise have some overlap, and 
single individuals may be able to fill multiple roles. Multiple stakeholders 
such as landowners may add a third dimension or subdivide "cells" of this 
3 by 5 matrix. Additionally, a comprehensive, large-scale, cross-taxonomic 
program may add an additional dimension or further subdivide skill set 
categories (e.g., knowledge per taxon, administration per landownership). 
Multiple organizations and taxa effectively transform this matrix of con¬ 
servation expertise into a much more complex infrastructure. 

Figure 11.1a shows this 3 by 5 matrix of conservation practitioner skills 
and roles, with two federal stakeholders splitting each of the 15 cells. This 
flat diagram shows the potential personnel infrastructure with a single¬ 
species conservation program, which could also apply to surrogate, flag¬ 
ship, indicator, or focal species approaches where a single-species focus is 
used. An infrastructure with 30 cells potentially needs to be populated. Of 
course, individuals may take on multiple roles or skills, and each stake¬ 
holder may not contribute personnel to every skill-role combination, such 
that many fewer than 30 people could run the program. Multiple flat-fig¬ 
ure 11.1a models could result if conservation programs are not coordinated 
across taxa, as might occur for plants, fish, and nonfish fauna. 

Figures 11.1b—d show how such an infrastructure might vary with con¬ 
servation approach. Increasing the number of taxa involved in a single 
approach could only elevate the last row (fig. 11.1b), if programmatic and 
administrative duties are shared. This infrastructure might result from hot 
spot biodiversity or reserve systems approaches. The z-axis need not rep- 
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personnel infrastructures, using a foundation matrix of three employee skill sets 
(y-axis: administrative, programmatic, and knowledge) and five employee func¬ 
tional roles (x-axis: design, management, monitoring, analysis, and communica¬ 
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Single employees could take on roles of several cells in this model to reduce 
infrastructure for small programs, (b-e) Species conservation program infra¬ 
structures increase in complexity as multiple taxa are addressed through differ¬ 
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ther explanation. 
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resent the number of taxa for systems or habitat approaches, but rather the 
knowledge complexity these alternative methods entail. Different 
approaches require different types and levels of information. As such this 
last row could vary tremendously depending on the sophistication and 
details needed to implement a specific program. For example, acquiring 
new knowledge about little-known species might increase personnel in the 
knowledge skill set across functional roles. Managing habitats or landscape 
conditions similarly would require different skill sets than site manage¬ 
ment. 

Some approaches may be oriented around single-species or relatively 
simple systems relative to design and management functions, but moni¬ 
tored for incidental benefits to multiple taxa or system functions (fig. 
11.1c). Other scenarios can be conceptualized (figs. 11.Id and 11.le). Fig¬ 
ure 11.Id shows the sharing of programmatic skills in design and commu¬ 
nication across personnel with differing taxa or system expertise. This 
might occur, for example, if management and monitoring of localities of 
multiple species is intended. Figure 11.le might result from a focus on 
development of species-habitat models for conservation planning. 

This example demonstrates the multidimensionality of program capa¬ 
bility. The more complex infrastructures rely on greater resources and 
integrated management to retain program effectiveness. However, cooper¬ 
ation among stakeholders and cross-training of practitioners among skill 
sets and functional roles would reduce personnel and costs. In this way, 
systems approaches integrating multiple taxa priorities may be more cost- 
effective than numerous independently organized single-species pro¬ 
grams. Balancing the conflicting priorities of optimizing cost versus con¬ 
servation effectiveness is necessarily a management decision made when 
the capability of the program is determined. Conservation effectiveness 
might be maximized by a more extensive species-based approach. 


Capability Examples 

Capability issues are repeatedly addressed in the design and implementa¬ 
tion of most conservation programs. In Brazil, retrospective analysis sug¬ 
gests that successful development of widespread conservation efforts are 
partially attributed to several "capacity building" measures (Mittermeier 
et al. 2005). These included (1) development of "catalysts" (i.e., non- 
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governmental organizations) that effectively served as intermediaries 
between researchers and land management interests; (2) primate conserva¬ 
tion, which successfully leveraged funds to develop model conservation 
programs, facilitating the capability for many additional conservation 
endeavors; and (3) establishment of professional courses and opportunities 
that have developed expertise to populate the personnel infrastructure of 
conservation programs. 

Implementation of recovery plans for ESA-listed species have met 
many of the capability issues mentioned here. For example, delay in recov¬ 
ery plan development and implementation, and lack of cooperation or 
coordination among stakeholders may have their roots in both insufficient 
funding and inadequate personnel infrastructure. These issues were cited 
as affecting two ESA-listed amphibians, the Wyoming toad (Bufo baxteri ; 
Dreitz 2006) and the Houston toad (Bufo houstonensis ; Brown and Mes- 
robian 2005). 

In the Pacific Northwest, a host of capability issues can be identified 
from the federal Survey and Manage program for RLK species. Upon cre¬ 
ation of the Survey and Manage provision in 1994, existing federal agency 
personnel were assigned Survey and Manage duties to oversee implemen¬ 
tation relative to about 400 RLK species over 9.7 million ha. Usually, these 
individuals were assigned to interagency working groups to fill the new 
need, and most balanced these new tasks with the continuance of their pre¬ 
vious jobs. Several problems became evident with this original framework. 
The extent of the workload eventually exceeded the capacity of the infra¬ 
structure; work could not be accomplished in a timely and effective man¬ 
ner by part-time committee members, with new members constantly com¬ 
ing and going. This framework also proved ineffective because individuals 
had outside work priorities and supervision, setting up complex conflicts at 
individual to programmatic levels. Taxonomic expertise for some groups 
(e.g., mollusks) was lacking within the agencies, stalling the implementa¬ 
tion of survey and management procedures. The role of agency scientists 
in the development of management guidelines and policy was questioned, 
and the need to partner science experts with manager liaisons per taxo¬ 
nomic group was identified. Additionally, there was a need for clarification 
of the new standards and guidelines, and development of better cross- 
taxonomic criteria to assess species status. 

The program was restructured in 2001 (USDA and USDI 2000, 2001), 
clarifying direction and reassigning species to newly derived rarity cate- 
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gories, and a distinct, funded "program" was created. Through this adap¬ 
tive management "ratchet," 72 species were removed from the program, 
largely due to accrual of new information regarding their abundance, dis¬ 
tribution, or habitat such that they no longer met the criteria for Survey 
and Manage. Program budgets ranging from almost $4 to $11 million per 
year (USDA and USDI 2004b) supported regional personnel at several lev¬ 
els to manage and implement tasks. The program became a self-contained 
entity, and when fully staffed, funded 95 persons with a total of 35 full¬ 
time equivalents (R. Huff, pers. comm.), fulfilling many if not all of the 3 
by 5 areas of expertise outlined by Salafsky et al (2002), but with the 
"third dimension" added for several cells. Personnel included a program 
manager, coordinators of key areas such as conservation planning, annual 
species review, and strategic surveys, taxon-specific "experts" and "leads" 
to address the science and management aspects of the program, respec¬ 
tively, database managers, a biometrician, and federal agency representa¬ 
tives providing oversight. The number of federal agency stakeholders was 
greater than represented in figure 11.1 and included separate roles of U.S. 
Forest Service management and research arms for each of two Forest Ser¬ 
vice regions, the Bureau of Land Management, and the U.S. Fish and 
Wildlife Service. These six stakeholders had roles within the program as 
team members on taxon-specific teams, liaisons between field-research- 
management personnel, information synthesizers, intermediate managers, 
and high-level managers with decision authority. The more complex pro¬ 
grammatic infrastructure resulted in a highly effective conservation pro¬ 
gram, although adaptive management (discussed later) could likely 
improve efficiencies (e.g., Olson et al. 2007). 

In 2002, the program was challenged in court by the timber industry 
due to its effect on timber resource management in the region (USDA and 
USDI 2004a). The federal agencies developed a "settlement agreement" 
that would include an alternative to remove the Survey and Manage pro¬ 
vision from the Northwest Forest Plan, with a court-imposed deadline to 
enforce its completion. In 2004, this alternative was chosen and the Survey 
and Manage provision was eliminated. Rare species management for eligi¬ 
ble taxa was turned over to the agency special-status and sensitive-species 
programs. This decision realigned resource management priorities and 
capabilities on federal lands and led to an infusion of "capability" (funding, 
trained personnel, infrastructure categories) to the newly coordinated fed¬ 
eral agency sensitive-species programs in the region. In 2006, the Survey 
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and Manage program was reinstated by court order. Retention of aspects 
of its earlier capability (again, funds, people, infrastructure) has allowed 
this recent transition to be relatively smooth. Although the future path of 
this situation is uncertain, the established capability of the agencies to 
implement both a complex and more streamlined version of rare species 
conservation programs has enabled its resiliency to respond to change as 
directed by legal, political, social, and/or science-based needs. 


Accountability 

Program accountability is the measurement of its success at meeting goals 
and priorities. Without accountability, renewal of funds or infrastructure 
for a program capability may be lost. The Nature Conservancy measures 
success by regular evaluations of its conservation targets and threats to 
those targets (http://nature.org), assessing its institutional conservation 
impact, activity, and capacity. Accountability is necessary for continued 
program support regardless of approach, species- or systems-based. Imple¬ 
mentation of an adaptive management framework for species conservation 
has become an effective mechanism to ensure program accountability, 
whereas monitoring and communication of findings are central to estab¬ 
lishing accountable conservation programs. 


Adaptive Management 

Conservation science is not a static system, such that a program can be 
established and set on its course without checks and balances. Species pop¬ 
ulations are dynamic entities, as is our knowledge base concerning them 
and their interactions with their environments. Our toolbox for successful 
species conservation or restoration is similarly under development. Thus 
our capacity to implement a conservation program will in part depend on 
our resilience to respond to changes in species status and knowledge. Adap¬ 
tive management provides a process to implement dynamic change in the 
program over time as it responds to new situations and knowledge. To 
effectively create a dynamic program, however, subject to change, is not 
easily done. Salafsky et al. (2002) called this dynamic program structure a 
"learning portfolio" in which a conservation program develops a formal 
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learning framework, a cycle of collecting data, developing knowledge and 
tools, testing species management strategies, and using this new informa¬ 
tion to improve programmatic capacity and effectiveness. This changes the 
concept of "cells" in figure 11.1 from static, closed, independent entities to 
dynamic, interacting functions. 

Within such a cyclic learning environment, goals and priorities are reg¬ 
ularly revisited, new information is acquired and integrated with existing 
knowledge, and altered management practices can refine and improve the 
program's effectiveness. As in any organization, installation of checks and 
balances improves performance. When done as part of the programmatic 
structure, iterative changes are expected. With timely reviews, drastic 
changes are less likely and can be smoothly implemented. In contrast, 
irregular reviews to static systems may uncover unexpected imperfections 
that impact the program, possibly compromising its integrity. This 
accountability and adaptive management process requires the establish¬ 
ment of timelines, benchmarks, standardized tools for performance assess¬ 
ment, and new information acquisition through census, research, and/or 
monitoring. Furthermore, a synthesis process is needed to integrate new 
information and assess success relative to established targets. 

For RLK species conservation, in particular, accountability and adaptive 
management are critical. For the rarest taxa with declining trends, species 
management practices must readily stem losses or alleviate threats for 
species' persistence. If we discover that management actions are not well 
applied, are ineffective, or pose risks to species, that knowledge needs to 
feed back into a reassessment of the program so new approaches can be 
developed. Lack of an iterative review to hone management procedures 
could result in irreversible losses. For many RLK species, due to our lack of 
baseline ecological information on their life history, tolerance limits to 
environmental parameters, and habitat requirements, conservation actions 
may be trial-and-error in nature such that adaptive management is key for 
mitigating losses or concern. New knowledge accrual can be rapid for 
never-studied taxa, and such information may realign species priorities for 
program attention. Furthermore, the science of conservation biology is a 
relatively young discipline; direct links between biology, ecology, and man¬ 
agement tools are not well developed (Clark et al. 2002). Thus adaptive 
feedback loops relative to both program implementation and effectiveness 
are needed due to our limitations in both taxonomic knowledge and the 
application of a relatively new science. 


Chapter 11. Implementation Considerations 327 


Monitoring 

Such feedback implies development of a monitoring network as an itera¬ 
tive review process of progress and new developments. Three types of 
monitoring are needed (implementation, validation, and effectiveness 
monitoring). Implementation monitoring provides short-term reporting 
of the progress in establishing actions. Validation monitoring establishes 
links between the causes and effects under consideration (e.g., cause: threat 
to species; effects: declining species numbers due to threat). Effectiveness 
monitoring evaluates the long-term outcomes of imposed conservation 
actions. 

It is important to tie effectiveness monitoring objectives directly to the 
conservation plan objectives set forth at the outset of plan design. Measur¬ 
able plan objectives (Tear et al. 2005) are those elements quantified during 
monitoring. Criteria for measuring success at both short-term and longer 
intervals are needed (Semlitsch 2002; Tear et al. 2005). Beever (2006) 
reviewed monitoring targets and methods for both species- and systems- 
based approaches to conservation. For RLK species, specifically, careful 
consideration of monitoring elements is needed because species population 
numbers may be inherently low or difficult to assess. For example, trend 
analyses may not be possible with such data. Nevertheless, concrete com¬ 
parisons may be possible for elements such as occupancy rates, habitat con¬ 
dition, and threat abatement. Additionally, monitoring techniques selected 
may affect data quality (Semlitsch 2002) and potentially the inference of 
the results. Many lessons have been learned from past monitoring efforts 
so new monitoring programs do not need to be developed from "scratch" 
(Stem et al. 2005). In particular, with multiple plan objectives, a single¬ 
pronged monitoring approach may not suffice. One of the more common 
lessons learned in establishing monitoring programs is to match different 
monitoring approaches to different objectives. 

There are several examples of the need for accountability and monitor¬ 
ing in rare species management programs. Reviews of ESA recovery plans 
have uncovered numerous implementation and effectiveness issues, as 
well as program successes. The review by Clark et al. (2002) listed numer¬ 
ous recommendations for recovery plan improvement. Some of these 
included (1) make amelioration of threats a primary focus; (2) specify ade¬ 
quate monitoring tasks; (3) ensure current, quantitative, and documented 
data on species status; and (4) improve and standardize the revision (adap- 
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tive management) process. Standardization in program implementation 
across spatial and time scales, or taxonomic boundaries is an emerging con¬ 
sideration affecting accountability. Comparison of findings across taxa or 
over time/space is difficult if different methods were used to collect or 
evaluate data. Standard protocols such as those followed for the National 
Environmental Policy Act or environmental assessments are useful in this 
regard. Without consistently applied measures of assessment or species 
management, a mosaic of approaches results, potentially compromising inter¬ 
pretations of conservation effectiveness. 


Communication 

Accountability has a strong socioeconomic component, as program advo¬ 
cates often need assurance that preset goals or their concerns are being met 
and cost-effectiveness is being achieved. Communication is imperative, to 
the extent that marketing of the conservation program's development, 
successes, and progress may be needed, especially if multiple resource con¬ 
flicts result from conservation decisions. Annual reporting may provide 
this review as part of the learning cycle. However, annual reports may 
reach only those persons on the "mailing list," whereas rare species or bio¬ 
diversity issues may have a much broader constituency among the various 
biodiversity stakeholders, including public, private, and governmental 
entities. Internal and external communication networks may need to be 
established to ensure program visibility and, subsequently, viability. Inter¬ 
nally, reporting should reach the hierarchy of directly and indirectly 
involved persons and stakeholders. Externally, a more active outreach or 
"marketing" of the program and its primary annual accomplishments may 
be key in maintaining or enhancing program advocacy. Conservation 
International uses internal and external reviews and reports as ways to 
document progress (e.g., Conservation International annual report, 
http://www.conservation.org/xp/CIWEB/about/annualreport.xml). Because 
RLK species conservation programs are likely to be acquiring new species 
knowledge and developing new tools to conduct ecological management, 
external communication to both science and management professionals is 
important. 

Several communication outlets are available to meet the need for exter¬ 
nal program accountability. Communication venues such as presentations 
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at regional, national, and international professional meetings allow for 
reporting new findings, gaining external review of procedures and results 
from peers that may not otherwise be aware of program existence, and 
developing external liaisons for potential group resolution of common 
problems. This method of technology transfer is effective and moderately 
far-reaching. Development of hard-copy reports, handouts, fact sheets, or 
brochures is similarly effective, as made available at conventions of inter¬ 
ested personnel or in educational contexts. Electronic venues of informa¬ 
tion sharing are fast becoming the most far-reaching mechanism of tech¬ 
nology transfer. Such communication may include electronic mail and 
mailing lists, topical list-servers, program Web sites, and conference Web 
sites. Emerging interactive online Web technologies of interest include 
various Internet "portals" for biodiversity data (Kagan 2006) and collabo¬ 
rative Web sites, termed "wikis." Classic peer-reviewed publications should 
be included in this regard as the external communication mechanism with 
professional stature and permanency. 

Furthermore, clarity of communications should not be overlooked. 
Conservation terminology is inconsistent among researchers, managers, 
and the public, which may result in confusion among the diversity of con¬ 
servation stakeholders (Stem et al. 2005). Conservation is a fast-develop¬ 
ing discipline and new terms are quickly incorporated into concepts and 
application. RLK species conservation is a particularly complex problem 
because it involves new innovative techniques and designs and introduces 
new and often undefined terms. Improving the understanding of conserva¬ 
tion issues among all stakeholders and the public is an underlying consid¬ 
eration for overall conservation program development. 


Conclusion 

Implementation considerations may facilitate or constrain species conser¬ 
vation programs or approaches (species, systems). These considerations 
may be socioeconomic, political, or scientific in nature. Primary categories 
of implementation considerations include authority, capability relative to 
funding and program infrastructure, and accountability. Secondary cate¬ 
gories that integrate these include clear priorities, adaptive management, 
monitoring, and communication. Authority can be legally founded, or a 
social or sociopolitical force. Legal authority may not extend to little- 
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known species or some systems approaches to conservation. Capability is 
multidimensional, including time, effort, resources (funds), and expertise 
(program infrastructure). It is tied to the complexity of the approach 
selected. Capability particularly increases with number and type of taxa, 
systems, and stakeholders involved. Conservation priorities functionally 
link authority and capability, whereas adaptive management links capabil¬ 
ity to accountability. Incorporation of learning objectives and monitoring 
improve accountability for RLK species conservation. Communication of 
successes to the extent of marketing the program is needed when multiple 
resource conflicts result from conservation decisions. 

Relatively simple single-taxon programs may require little manage¬ 
ment and scientific expertise, whereas broad-ranging multitaxa programs 
can be complex, involving personnel from multiple agencies or institu¬ 
tions. If little-known taxa are included, expertise may be limiting and prac¬ 
ticality issues may limit capability, feeding back into constraints on conser¬ 
vation priorities. By nature, RLK species conservation programs are 
information poor relative to both species' biology and management 
knowledge. Thus the adaptive management process requires a well- 
designed monitoring component that in itself can serve as part of the mit¬ 
igation measure for RLK species conservation. 
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In this book, we have described a variety of approaches designed 
to achieve biological conservation objectives for both rare and little-known 
species. Resource managers are usually most concerned, for practical rea¬ 
sons, with approaches that conserve large-bodied and better-known taxa. 
Because we know so little about population status and life history require¬ 
ments of rare or little-known (RLK) species, conservation managers have 
been forced to assume that the needs of these species are being met via 
proxy through our management of vegetation communities and well-stud¬ 
ied species. Because so much of the world's biological diversity consists of 
rarer and more poorly known species (see chaps. 3 and 4), our focus on these 
species is warranted. In this chapter, we propose a process by which a land 
manager might evaluate the conservation issues on a particular planning 
area and select a set of approaches to address those issues. We organize this 
discussion around a set of steps, as illustrated in figure 12.1: 

1. Identify geographic area and scope 

2. Identify social, economic, and ecological requirements and considerations 
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Figure 12.1. Flow chart of a process for selecting and testing alternatives to conservation 
of rare or little-known species as discussed in this book. 

















































336 CONSERVATION OF RARE OR LITTLE-KNOWN SPECIES 

3. Articulate social, economic, and ecological management goals 

4. Identify and select rare or little-known species and systems to address 

5. Collect information and conduct species and/or systems risk assess¬ 
ments 

6. Synthesize and identify key threats to species and system factors 

7. Identify ecological risk factors that can be ameliorated 

8. Identify ecological risk factors that cannot be ameliorated 

9. Identify species and/or system approaches to address risk factors 

10. Evaluate ecological, administrative, social, and economic effects 

11. Select approaches and develop detailed designs 

12. Implement selected approaches 

13. Monitor and evaluate success relative to the goals 


Identify Geographic Area and Scope (Step 1) 

The first step is to delineate the geographic area of interest. It is impor¬ 
tant to identify not only the overall extent of the area but the range of 
ecosystems or subareas within the extent that will be the focus of plan¬ 
ning. For example, one may be interested only in grassland systems 
within a larger landscape, so the specific planning area may be a set of dis¬ 
junct units within some larger context. The size of the planning area and 
the number of ecosystem types within it will have an obvious influence 
on the complexity of the conservation problem. As area and variety of 
ecosystems increase, so will the number of potential species to be 
addressed, following the familiar species-area curve (e.g., Fisher et al. 
1943). 

Delineation of a planning area can be driven by a variety of factors or 
considerations. Administrative boundaries, such as a ranger district or 
project area, may be a primary consideration. Landownership will likely be 
important as well. The boundary may be determined by the range of a crit¬ 
ical species or ecosystem type or it may encompass the combined ranges of 
several key species or ecosystems. Boundary delineation is a management 
decision that must be made at the outset of the planning process. The plan¬ 
ning area needs to encompass an area that is sufficiently large to affect the 
species and processes of greatest concern, and at the same time allow 
assessment of the planning area's context at larger scales. 
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Identify Social, Economic, and Ecological 
Requirements and Considerations (Step 2) 

Once the planning area is identified, the next step is to articulate the various 
social, economic, and ecological issues and considerations that apply. First, 
there may be constraints imposed by the ownership pattern in the area. 
There may be multiple jurisdictions (e.g., counties, towns) and there may be 
a mix of federal, state, or private lands, each with their attendant regulations 
and requirements. In addition, it will be important to identify and list the 
interests and priorities of the various stakeholders within the planning area. 
Any existing plans that cover the area may need to be modified or replaced. 

Part of this step also includes characterizing the primary ecological 
issues. For example, on the Sheyenne National Grassland, the presence of 
the western prairie fringed orchid (Platanthera praeclara ) is a major con¬ 
sideration because this species is federally listed as threatened under the 
Endangered Species Act (ESA) and is ranked as globally imperiled under 
the NatureServe ranking of species conservation status (see chap. 3). Note, 
however, that a full evaluation of the various species and systems in the 
planning area, as well as any threats to these species or systems, occurs in 
steps 5 and 6. At this point in the process the intent is to bring forward the 
ecological, social, legal, administrative, and political considerations that 
will influence objectives for the conservation plan. 

The initial identification of social and economic considerations occurs in 
this step. Social considerations may include values of affected communi¬ 
ties, the inclusiveness and balance of the decision-making process that will 
be used, and political and institutional dynamics that may affect the deci¬ 
sion. Economic considerations should include economic efficiency and eco¬ 
nomic impacts. Interrelationships between economic and social effects 
should also be considered. 


Articulate Social, Economic, and 
Ecological Management Goals (Step 3) 

After identifying the major issues to be addressed, the next step is to spec¬ 
ify the ecological, social, and economic goals and objectives for the plan 
(see chap. 2). Some of these goals will be quite broad (e.g., reintroduce fire 
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as a natural disturbance process) whereas others may be quite specific and 
measurable to tie into tangible monitoring elements to assess program 
success later (e.g., provide conditions to support a viable population of the 
western prairie fringed orchid). Both short- and long-term objectives will 
facilitate the adaptive management of the program and help assure its suc¬ 
cess. Setting goals and objectives will involve feedback from other steps in 
this process. Goals may be revised or refined as information develops in 
subsequent steps. Consequently, we anticipate a fluid process between suc¬ 
ceeding steps. 

For example, if a land management plan is already in effect for the plan¬ 
ning area of interest, any new goals or objectives will need to be reconciled 
with it. There may be additional mandates that will influence the specific 
goals and objectives for the area; these will have been brought forward in 
Step 2. These various goals and objectives, as well as existing mandates, 
will be blended to set priorities for management action. Setting priorities 
for the area should be an inclusive process that involves collaboration 
among affected parties and recognition of social, economic, and ecological 
requirements and considerations for the planning area. 


Identify and Select RLK Species 
and Systems to Address (Step 4) 

This is a critical step that will significantly impact future resource needs. 
The process of selecting species and systems to address is strongly influ¬ 
enced by the overall scope, complexity, and goals noted previously. 


Identify and Select RLK "Species" 

In this step, RLK species may include taxonomic species and also selected 
subspecies, populations, or other entities below the species level (hereafter 
referred to collectively as species). Before selecting individual species, the 
process begins by addressing which major taxonomic groups (viz., taxo¬ 
nomic classes) will be considered for risk analyses. Considerations are 
influenced by a combination of factors that relate to the initial goals as well 
as to the practical science issues and resource needs. Legal considerations 
are often defining factors. Species listed under the ESA, for example, are 
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given high priority in conservation programs. Broad goals such as conserv¬ 
ing total biodiversity may include many more species and other taxa than 
simply protecting ESA-listed species and may therefore require compre¬ 
hensive processes for dealing with large numbers of species. Such was the 
case in developing the Northwest Forest Plan, where eight taxonomic 
groups, reflecting a broad array of biodiversity considerations, were 
selected for risk assessments (Meslow et al. 1994). 

Several science- and resource-related issues must be weighed when con¬ 
sidering which taxonomic groups to include, because each taxon has 
unique attributes. Some practical considerations for selecting species and 
taxa include number of species; availability of information on natural his¬ 
tory, ecology, habitat requirements, dispersal, and threats; issues of 
detectability and sampling difficulty; availability of taxon experts; and 
overall practical experience in developing feasible management strategies. 
The size of the planning area and scope of the problem (box 12.1) strongly 
influence which taxa are selected. 

After taxonomic groups are selected, the level of species analysis is 
determined. Most assessments have traditionally focused on individual 
species, but depending on the scope of the issue, the focus could be on evo¬ 
lutionary significant units (ESUs), individual populations, or other entities 
below the species level. For some taxa or ecosystems, multiple species 
assemblages may be identified for consideration rather than individual 
species. This could be the case where taxonomic groups include hundreds 
or thousands of poorly known species. For example, given the tens of thou¬ 
sands of arthropods in forest ecosystems, the Forest Ecosystem Manage¬ 
ment Assessment Team (FEMAT) analysis addressed only 15 functional 
groups of arthropods (Meslow et al 1994). 

A detailed and preferably streamlined process is then developed for the 
actual selection of species (or species units) for risk assessment. Examples 
of methods for generally identifying species at risk, which may be 
extended to RLK species, have been suggested or tested by Wright et al. 
(2001) for plants and Lehmkuhl et al. (2001) for nonfish vertebrates. In a 
further consideration of risk factors, being both rare and specialized can 
mean higher risk of local extinction in forest fragments—as reported by 
Davies et al. (2004), who suggested that synergistic characteristics of some 
rare forest beetle species prone to extinction include the interplay between 
their low abundance and their high degree of specialization. Several major 
ranking systems such as those by NatureServe and the International 
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Box 12.1. Selecting approaches to rare or little-known species 
conservation: a multiobjective assessment approach to risk 
assessment and management. 

Essentially, the general procedure suggested in this chapter for select¬ 
ing approaches to conservation of rare or little-known species is a 
problem of multiobjective management. There are a number of useful 
methods for conducting multiobjective risk management. For exam¬ 
ple, Mendoza and Prabhu (2000) applied multiple criteria analysis 
(MCA) to assess criteria and indicators for forest management by 
ranking and rating alternative management decisions in a participato¬ 
ry setting with stakeholders and experts. 

Other approaches include multiattribute utility theory (MAUT), goal 
hierarchy, analytic hierarchy process (AHP), multiple criteria decision 
making (MCDM), quantitative risk analysis (QRA), and others (e.g., 

Varis 1980; Basak and Saaty 1993; Helles et al. 1999; Mendoza and 
Prabhu 2000). All of these approaches entail identifying potentially 
desirable conditions, such as high confidence of persistence of rare or 
little-known species; identifying sources and degrees of risk; identify¬ 
ing the expected influence of potential management actions on those 
causes; exploring potential costs, benefits, risk attitudes, and accept¬ 
able levels of influence; and eventually selecting the best course of 
action that will minimize risks and costs or maximize likelihoods of 
desired outcomes. More formally, the performance level of each objec¬ 
tive is quantified, the preferences among different objectives are 
weighted, the alternative management approaches are ranked, and an 
interim decision is made on the optimal course of action. Sensitivity 
testing can be used to help identify the relative influence of risk fac¬ 
tors on desired species and system conditions and the relative influ¬ 
ence of alternative management decisions on those risk factors. 


Union for Conservation of Nature and Natural Resources (IUCN) provide 
detailed processes to assess risk (see chap. 3). Local species analyses should 
take advantage of these and other ranking systems in developing a final 
species list for consideration. 

Carefully considering information already available (e.g., species lists 
developed for the area) is advantageous. Information can range from pri¬ 
vate records, collections, and databases to federal and heritage listings. 
Taxon experts can be engaged at this point to collect and synthesize infor¬ 
mation. Selection criteria are chosen and applied to develop a list of species 
that require risk assessments. The entire process of species selection, 
including specific criteria used, should be well documented. 
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The early analyses leading to the development of the Northwest Forest 
Plan provide a large-scale example of this initial species selection. Using a 
combination of agency databases and knowledgeable taxa experts, the 
FEMAT science team selected approximately 1100 species, 21 groups of 
fish, and 15 groups of arthropods for risk analysis (FEMAT 1993). Efforts 
to develop the Sierra Nevada Framework (http://www.fs.fed.us/r5/snfpa) 
provide another large-scale example in selecting species. They used a care¬ 
fully designed process to identify species for analysis that also explicitly 
recognized that the level of risk used as a cutoff in these evaluations was 
itself an important decision. 


Identify Systems to Address 

Selecting systems to address should be guided by the project size, scope, 
and objectives. Legal considerations such as protecting critical habitat of 
threatened and endangered species can play an initial role in the selection. 
Some systems themselves carry legal protection (e.g., wetland protection) 
which often influences their inclusion in the risk assessment. 

Two areas need careful consideration when selecting systems. The first 
is availability of information (literature, databases, maps, etc.) and 
resources (particularly people) to define and characterize the systems. The 
second is the classification or characterization of the systems. 

Definitions and delineations of systems can be a far more slippery task 
than that of species. There is no single taxonomy of ecosystems, ecological 
communities, species assemblages, or other representations of systems. 
Multiple classifications exist for these types of systems and for vegetation 
types, wildlife habitat types, ecoprovinces, and other systems-level entities 
(e.g., O'Neil et al. 1995; Rieman et al. 2000; Treitz and Howarth 2000; 
Kintsch and Urban 2002). Even the term "ecosystem" can mean vastly dif¬ 
ferent things (Corn 1993; DeLeo and Levin 1997; Watson 1997). And, in 
addition, all such classifications are artificial abstractions whose attributes 
(other than geography) are often impossible to assign definitively at actual 
locations in the field, where a particular location may display properties of 
multiple classes. 

Classifications can also include existing vegetation communities, 
potential natural vegetation types, and designations specific to particular 
environments such as riparian ecosystems or old-growth forest ecosys- 
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terns, or even special landscape features such as caves (Sieg et al. 1999). 
Some systems are delineated by administrative boundaries such as plan¬ 
ning units or reserve lands. Similar to selecting taxa groups, different sys¬ 
tem designations have unique attributes that influence the complexity of 
systems risk analyses (e.g., availability and quality of existing informa¬ 
tion). These unique attributes should be carefully weighed in selecting the 
final systems for risk analyses. As with taxon selection, all criteria used 
should be clearly documented and all assumptions and uncertainties 
described. 


Collect Information and Conduct Species 
and Systems Risk Assessments (Step 5) 

These analytical steps begin with collecting pertinent information. Sources 
vary widely and differ in quality and accessibility. They might include gov¬ 
ernment and nongovernment databases, maps of species locations and dis¬ 
tribution, maps of vegetation or ecosystems types, unit boundaries and 
land designations (e.g., reserves), and published scientific literature. Next, 
a list of risk criteria and threat factors is developed for the assessment 
process. The large box in the flow diagram (see fig. 12.1) provides a range 
of examples. Risk analyses should focus on the factors that put the species 
or system at risk, currently or historically. The main stressors and poten¬ 
tial effects of threats should be thoroughly characterized (e.g., type, imme¬ 
diacy, magnitude), the main assumptions clarified, and the main uncertain¬ 
ties documented. The final desired products and outcomes for the 
assessment (e.g., relative importance of different threats) also influence 
the selection of factors. 

The selection of factors is also influenced by the availability of informa¬ 
tion to address a factor, and the utility of that information to accurately 
reflect the condition or threat under consideration. There is often limited 
mapped information for the actual threats considered important, and the 
magnitude of threats often has to be estimated from surrogate data and 
coarse modeling efforts. An example might be sedimentation in streams, 
which may be treated in a risk assessment by looking at rainfall, slope, soil 
and vegetation types, grazing and fire regime, and so forth, rather than by 
directly measuring the transport of silt. 
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Developing and using standardized processes to summarize information 
and assess risk is the most critical step in the risk analysis. Standardized 
processes are especially important when evaluating many taxonomic 
groups or systems. The literature on decision analysis and risk manage¬ 
ment offers a plethora of procedures (e.g., Hope and Peterson 2000; 
Williams 2000; McDonald and McDonald 2003, and many others). Panels 
of experts are often used to conduct portions of such evaluations, such as 
gauging effects of potential threats (e.g., von Winterfeldt 1992), and this 
introduces the chance of inconsistent interpretations across taxa or sys¬ 
tems. Careful standardization of the process ultimately increases the like¬ 
lihood of developing a scientifically sound assessment for decision makers 
(e.g., Shaw 1999). 

As an example of the successful completion of this process, Thomas 
et al. (1993) analyzed risks to 667 species associated with old-growth 
forests in the Pacific Northwest. Risks included broad-scale declines in 
habitat, loss of fine-scale habitat features, and threats from various 
forms of human disturbance. The risk assessment was used to develop 
potential management strategies that could be applied by federal 
agencies. 

The outcome of Step 5 is a clear description of the factors that cause 
species and systems to be at risk. These may include past reduction in 
abundance or distribution of habitat, changes over time in level of threat 
from various human activities, or other parameters. Results of the risk 
assessment are carried into the next step and provide the foundation for 
designing management approaches. 


Synthesize and Identify Key Threats to 
Species and System Factors (Step 6) 

This step entails combining the results of the species and system risk 
assessments. Doing this requires summarizing the expected types, degrees, 
and effects of risk factors on systems and on the persistence of RLK 
species. As an example of this step, Cane and Tepedino (2001) summarized 
results from a workshop (expert panel) to identify causes and degrees of 
declines of native invertebrate pollinators in North America, which include 
some RLK species of bees, flies, and other taxa. 
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Identify Ecological Risk Factors 
That Can Be Ameliorated (Step 7) 

After identifying the common causes of risks to species and systems, the 
next step is to identify which causes can be ameliorated by management 
activities, and determine the degree to which management could reduce or 
eliminate each risk factor and thereby restore desired conditions. For exam¬ 
ple, Feldman et al. (1999) used a comparative risk assessment approach to 
help set priorities for environmental conservation. Their approach entailed 
identifying the relative efficacy and benefits of environmental policy deci¬ 
sions. They specifically examined how projects were administered; how 
they involved the public; how they characterized, ranked, and prioritized 
risks; whether and how they implemented projects based on results of rank¬ 
ings; and whether and how they evaluated project results. 


Identify Ecological Risk Factors 
That Cannot Be Ameliorated (Step 8) 

This step requires identifying which risk factors likely cannot be fixed by 
management, and outlining their expected effect on species or systems of 
interest. This will provide an understanding of the degrees to which man¬ 
agement can and cannot be expected to solve specific problems. In so doing, 
it will help provide realistic expectations for the effects of management and 
identify any critical causes of risk that may need to be addressed by other 
concerned parties, ownerships, or organizations outside the immediate 
management focus. 

An example is the decline of pendant arboreal lichens from poor air 
quality caused by point and nonpoint air pollution sources, such as urban 
industrial centers and automobiles. This may be a major cause of decline in 
some RLK species of lichens (see Stolte et al. 1993), although there may be 
little to nothing that forest management activities can do to slow or 
reverse the degradation. Similar off-site causes of risks to RLK species may 
be adverse regional climate change, spread of invasive species, noise pollu¬ 
tion, and other risk factors. 

In general, Steps 6 through 8 can be conducted as part of a structured 
decision-making procedure. Such a procedure serves to synthesize findings 
on risk levels and causes, and, eventually, on potential management actions 
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that can ameliorate, restore, or mitigate for adverse effects. This is essen¬ 
tially a problem in multiobjective risk management, to which the preced¬ 
ing three steps and the next two steps pertain. 


Identify Species and/or System Approaches 
to Address Risk Factors (Step 9) 

The objective of this step is to make a preliminary determination of 
approaches that could be useful in conserving species (chap. 6) and systems 
(chap. 7) that were identified in Step 4, and that will address those threats 
identified in Step 7. At this point in the process, the identification of 
approaches should not be heavily constrained by economic, political, or 
administrative considerations. Those factors should be considered when 
implications of the approaches are reviewed in the next step (10). Final 
selection and refinement of the approaches takes place in Step 11. 

There is no accepted, comprehensive guide to the selection and design 
of conservation strategies for various situations. However, consideration of 
the following factors can help inform the preliminary selection of conser¬ 
vation approaches: 


Identified Ecological Risk Factors That Can Be 
Dealt with by Management 

The risk factors identified in step 7 may provide important clues to the 
general type of conservation approach that would be helpful, as well as 
clues to some specific design considerations for that approach. As shown 
in chapter 8 (see table 8.2), each of the approaches addresses a subset of 
the factors that are important to species conservation. So if we know the 
factors that are causing a species to be at risk, this table can help guide the 
selection of a conservation approach. For example, if the loss of current 
species locations is a significant risk factor, and the species has strong co¬ 
occurrence associations with other more easily monitored species, then a 
useful strategy might combine the use of a biodiversity indicator species, 
a geographic approach, and some applications of individual viability 
strategies. Other surrogate approaches (e.g., umbrella or flagship species) 
and system approaches would be less applicable. Conversely, if the 
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dynamics of a species' habitat was a key risk factor, the system approaches 
would tend to be useful, and the species approaches would be less useful. 
Of course, it will often be the case that there are a variety of risk factors 
that would best be dealt with through some combination of approaches. 


Level of Our Knowledge about the Species/Systems 

The level of our knowledge about a species or system may also be critical 
in the selection of a conservation approach. Although level of knowledge 
should not be considered an absolute long-term constraint to the selection 
of a conservation approach (i.e., with the proper investment it is possible 
to gain additional knowledge), it may be a very important consideration in 
the choice of a conservation approach that can be applied in the short term. 
Table 12.1 shows information that is needed for application of the various 
conservation approaches and may be helpful in determining which 
approach can be applied in a given situation. For example, if the only infor¬ 
mation available for an RLK species is information on its current locations, 
then the most useful approach over the short term may be management 
for specific locations of the species. If additional information is available, 
there may be a broader selection of possible approaches. 


Basic Natural History of the Species/Systems 

Natural history of a species may influence the choice of conservation 
approach. If a species tends to occur in small, isolated populations, then a 
focus on management of the locations of those populations may be most 
appropriate. On the other hand, if a species tends to occur more broadly, is 
relatively mobile, and has individuals that disperse among populations, 
then an approach based on viability of individual species, which would 
focus on the current location of populations, suitable but unoccupied habi¬ 
tat, and dispersal habitat, would be more appropriate. 


Underlying Management Goal 

As discussed in chapters 2 and 8, managers may operate under a variety of 
different management goals, and different conservation approaches may best 


Table 12.1. Information needed to implement species- and system-based 
approaches for conservation of rare or little-known species. 
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contribute to each of those goals. Although the goals may not be mutually 
exclusive, emphasis on particular goals could influence the choice of conser¬ 
vation approach. For example, if the primary goal is to maintain RLK species 
over at least the short term, focus on approaches that maintain the current 
locations of the species is warranted. On the other hand, if the primary goal 
is to restore system resiliency, system approaches would be appropriate. 
Again, it is likely that a variety of goals could best be achieved through some 
combined approach. Many overall strategies also have a variety of specific 
implementation scenarios that may perform similarly for species conserva¬ 
tion, for example, in establishing a network of protected sites totaling to some 
particular total acreage or budgetary target. In this case, the land manager 
would want to know relative costs and benefits for each proposed scenario. 


Evaluate Ecological, Administrative, 

Social, and Economic Effects (Step 10) 

The conservation approaches identified in Step 9 may have profound 
implications for social, economic, and ecological systems. They may also 
differ greatly in requirements for knowledge, trained personnel, budget, 
and administrative structures. These implications must be assessed before 
managers can make an informed decision about adopting an approach or 
set of approaches. Effects evaluation should tell the land manager whether 
the approach protects the species, is socially supported, and is worth adopt¬ 
ing based on its cost-benefit analysis. 


Evaluation of Ecological Effects 

The following guidelines should be consulted in the evaluation of ecologi¬ 
cal effects: 

• If the conservation approaches to be evaluated include the use 
of surrogate species or species assemblages, appropriate analysis 
should be completed to identify them. They then become the 
focus of species evaluations. 

• Evaluation of effects should be framed as a risk and uncertain¬ 
ty assessment (e.g., Meslow et al. 1994; Raphael et al. 2001). 

• The evaluation must include assessment of both short-term 
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and long-term risks. The timeframe over which long-term risks 
are projected should be determined based both on biology of the 
species (e.g., generation time, response time to changed conditions, 
recolonization capability) and on the time needed for the overall 
ecosystem to respond to proposed management. Assessment over 
such a timeframe is important to a full understanding of the long¬ 
term effects of management on ecosystems and species, but it 
must be understood that confidence in the accuracy of risk evalua¬ 
tions decreases rapidly as the timeframe of projections increases. 

• The spatial scale of the evaluation should reflect the scale at 
which biological populations of the species operate and the scale 
at which ecological processes occur within the system, including 
its ecological context. 

• In addition to the projected future, the analysis should also 
address the current condition and, where possible, the historical 
condition of the species and/or system. 

• For most species, the only practical quantitative analysis is an 
assessment of habitat conditions. It is, however, essential that we 
connect habitat conditions with population consequences, even if 
this connection is estimated using general ecological principles due 
to lack of population data or knowledge of species population 
processes. 

• The evaluation should be logical and consistent, consider rele¬ 
vant information, and disclose both risks and levels of uncertain¬ 
ty. It is important to document important sources of uncertainty, 
including uncertainty due to environmental stochasticity. 

• Where surrogate species or species assemblages are used, the 
evaluations of the surrogates or assemblages should be applied to 
all of the species that they represent. 


Evaluation of Administrative Considerations 

Careful evaluation of administrative issues is key to determining the prac¬ 
tical implications of implementing the conservation approaches identified 
in step 9. In particular, the various approaches will require different infor¬ 
mation sets, expertise, administrative structures, and costs. First, different 
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approaches require different types and levels of information. Specific 
information needs of approaches are shown in table 12.1. Figure 12.1 pro¬ 
vides a general view of the level of information required to implement a 
generalized set of conservation approaches. 

Second, availability of specialists with the appropriate expertise will 
vary with approach chosen. Some approaches require the availability of 
highly specialized skills. For example, approaches that focus on protection 
of extant locations of RLK species require the availability of personnel who 
can identify the species. In some cases, identification of RLK species is an 
extremely specialized skill, and there may be few qualified personnel avail¬ 
able. On the other hand, approaches that rely on conservation of habitats 
rather than conservation of species occurrences generally require less- 
specialized personnel assuming there is an accepted classification of vege¬ 
tation or ecosystems within the planning area, and an understanding of the 
role of disturbances in maintaining the systems. 

Third, administrative structures must be able to accommodate the con¬ 
servation approach chosen and number of stakeholders involved. Well- 
designed administrative structures are needed for consistent implementa¬ 
tion of conservation approaches over large geographic areas incorporating 
multiple landowners. For some approaches, these administrative structures 
may deal with facets of management that are familiar to the agencies 
involved and so may not be much of a departure from day-to-day manage¬ 
ment. For example, managing systems based on the range of natural vari¬ 
ability involves forms of management that are similar to historic practices 
of the land management agencies. Conversely, managing for sites of indi¬ 
vidual species may involve issues that are much less familiar to the agen¬ 
cies and require coordinating structures that are new to the agencies. 

However, perhaps the most important administrative consideration for 
implementing an approach is its cost. The fundamental capability of 
administratively implementing an approach involves its cost and available 
funding source. In general, the cost per species is often higher for individ¬ 
ual species approaches and lower for systems approaches, surrogate 
approaches, and other approaches that address multiple species. 


Evaluation of Social Considerations 

The social sciences provide a mechanism to measure the social/cultural 
human context of the biological requirements of species conservation strate- 
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gies (see chap. 9). The following guidelines should be consulted in evaluat¬ 
ing the social consequences of alternative species conservation strategies. 

Values 

The foundation for building consensus begins with an understanding of 
the social values at play at the personal, family, business, and community 
levels. Values range across a wide spectrum from personal environmental 
stewardship ethics, to family values, including their traditional use of nat¬ 
ural resources, to economic prosperity. 

Decision-Making Process 

Inclusiveness and balance of perspectives are keys to credible and successful 
consensus building. It is imperative to understand the perspectives of the 
stakeholders, their priorities, and how they are manifested in the process. 

Institutional Dynamics 

Traditional approaches and policy can create a precedent that narrows per¬ 
spectives and stifles unbiased assessments of alternative conservation 
strategies. An open decision-making process should foster new ideas and 
consideration of alternative strategies. 

Political Dynamics 

Social values are manifested in political positions on issues of concern. 
More often than not, political influence drives the decision-making process 
and can detract from an open-minded assessment of alternatives. The 
political perspective concerning federal land stewardship and use is shift¬ 
ing away from national public opinion toward local special interests. These 
dynamics influence all aspects of the social dimensions of evaluating alter¬ 
native species conservation. 


Evaluation of Economic Effects 

Economic considerations should be included early and continuously 
throughout the RLK species conservation process. This reduces surprise 
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and distrust when biologically and technically feasible conservation out¬ 
comes may not be achievable based on economic efficiency grounds later 
in the decision process. The evaluation of economic efficiency should be 
framed as a comprehensive benefit to cost analysis. Costs should include 
the opportunity costs of alternative resource uses when conservation 
requirements preclude existing or next-best uses, and benefits should 
include nonmarket benefits accruing not only to the conserved species or 
systems, but when possible, also to ancillary positive externalities, such as 
cultural and biological diversity. Evaluation of risk and uncertainty should 
be framed as risk to benefit analysis so that biological and ecological risks 
can be compared with potential economic benefits. 

Economic impacts such as jobs, taxes, and income must be estimated as 
equity or distributional effects, separate from efficiency benefits. In partic¬ 
ular, both analysts and managers must avoid counting potential increases 
or decreases in regional employment as net benefits or costs in the bene¬ 
fit-cost analysis. The level of economic analysis effort should vary depend¬ 
ing on the expected economic and social consequences of alternative man¬ 
agement practices and policies. For example, new willingness-to-pay 
studies may be well worth the cost when expected nonmarket benefits are 
large, but they may not be cost-effective when expected nonmarket bene¬ 
fits are small. In the latter case, benefits-transfer methods that estimate 
RLK species benefits from existing similar studies may be used. Likewise, 
new economic impact analysis may be needed if expected employment 
effects are large, otherwise not. 

Economic effects should be closely linked to other social effects, includ¬ 
ing cultural values and institutional dynamics. Because connected ecologi¬ 
cal and economic systems are complex, variable, and changing, they should 
be linked in common computer simulation models that can test and mon¬ 
itor the effects of alternative management actions meant to conserve RLK 
species. 


Develop Final List of Approaches for Consideration 

The final component of this step is the articulation of a reasonable set 
of approaches to be considered by managers in their selection process 
in Step 11. This may include only a subset of the approaches originally 
identified in Step 9. Some of the approaches identified in Step 9 may 
not be fully developed for consideration by management because the 
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evaluation in Step 10 indicates that they would be ineffective, ineffi¬ 
cient, or unfeasible. 


Select Approaches and Develop Detailed Designs 
(Step 11) 

The final selection of the conservation approach or approaches is a manage¬ 
ment decision and will rarely be determined entirely by the ecological, social, 
or economic data. Evaluation of information from Step 10 should be clearly 
articulated and summarized for use by managers in making this decision. It 
is extremely important that the evaluations be conducted in a consistent way 
across the alternative approaches, and that the summaries developed for man¬ 
agers are also consistent and focus on key differences. It is important to be 
clear about sources and levels of uncertainty associated with the results, and 
to emphasize true differences among the alternative approaches rather than 
apparent differences. Selection of approaches to be implemented should be 
based on a judgment about how well the approaches will accomplish the full 
set of goals described in Step 3. Managers should carefully document the 
basis for their choices, particularly where accomplishment of one goal has to 
be weighed against accomplishment of other goals. 

The approaches developed and evaluated in the foregoing steps may still 
be somewhat conceptual and require further refinement before they can be 
implemented. The following may be important steps in the development of 
a final design: 

• Determine data sources (e.g., species point locations, remotely 
sensed imagery, historical studies of disturbance patterns) and 
models (e.g., species habitat affinity, vegetation dynamics) that 
will be used in various parts of the conservation approach. 

• Reconcile existing inventory standards or modeling approach¬ 
es that might vary across the plan area. 

• Develop new survey/inventory protocols and models if cur¬ 
rent data and existing models are found to be inadequate. 

• Develop a framework to receive and/or harvest information 
from citizen monitoring and other nonexpert field observations, 
attach source/reliability metadata, and make it available for 
review, annotation, and analysis. 
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• Define a set of species or system elements that will be moni¬ 
tored to judge the success or failure of the plan, determine an 
appropriate monitoring schedule for the elements selected, define 
the monitoring protocols, specify how monitoring data will feed 
species or system models, and develop a strategy for how the 
results from monitoring will be used to revise the plan. 

• Finalize the boundaries for specific types of management areas 
such as reserves or hotspots. 

• Finalize management standards for specific types of manage¬ 
ment areas (e.g., the level of salvage that might be allowed within 
reserves, or standards designed to provide for persistence of RLK 
species on sites they currently occupy). 

• Develop standards for management that are designed to emu¬ 
late natural disturbance or move the system toward range of nat¬ 
ural variability (RNV) conditions. 


Implement Selected Approaches (Step 12) 

Implementation of the selected approach or approaches begins as a plan¬ 
ning process. With a focus on getting the job done, the scope and complex¬ 
ity of the program can be adjusted to fit the circumstances (see chap. 11). 
Approaches with objectives addressing large spatial scales, multiple habitat 
types, numerous species in multiple taxonomic groups, and the priorities 
of many stakeholders may easily lead to a complex program structure. 
Approaches with the broadest scopes may have management tiers that 
include decision makers, program managers, leaders of primary objectives, 
a variety of species specialists or resource specialists, data managers and 
analysts, communication specialists, and the necessary support staff and 
services. Depending upon the level of cooperation among the landowners 
involved, some similar roles may need to be filled for each of the primary 
stakeholders so that integrated teams are developed. The plan should also 
clearly define criteria for success, that is, measurable outcomes by which 
rare or little-known species can be judged to be sufficiently conserved or 
restored. The number of taxa included in the plan and the level of account¬ 
ability desired to achieve the conservation objectives are key in determin¬ 
ing the workforce needed. Simpler approaches and those monitoring only 
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surrogate response parameters would require less staff, although the util¬ 
ity of such approaches for meeting resource objectives needs to be tested. 

During this planning process, the capability of the resource managers to 
implement the selected approach should be assessed. Capability is largely 
a function of the level of involvement needed to conduct the program, 
funding, available expertise, time, and implementation constraints. If the 
approach requires only delineating a protected zone around a specific 
remote area, then the program may have some start-up effort, but subse¬ 
quent maintenance would involve only required monitoring programs. 
Higher maintenance would be needed for an actively managed area, or an 
approach that requires intensive species- or resource-level monitoring, or 
for other approaches such as reserve boundaries that might be adjusted in 
response to disturbance or environmental changes. 

Many constraints can arise during planning or actual program imple¬ 
mentation. Funding, in particular, will limit the extent to which a complex 
program can be implemented and the extent to which specific design ele¬ 
ments can be effectively managed and monitored. For example, many lit¬ 
tle-known taxa belong to taxonomic groups for which there may be little 
scientific expertise, or for which techniques for detecting their presence 
and managing sites or populations are not straightforward. Funding can 
help acquire or develop expertise and techniques, provided that there is 
time available for such new knowledge to be gathered. In addition to fund¬ 
ing, authority may arise as an issue if the scope of the selected approach 
results in serious natural resource conflicts, such as reduced economic out¬ 
puts. In particular, the approach may be challenged by some stakeholders 
if it does not appear to have a legal basis or opposes other policies. How¬ 
ever, authority need not rely solely on a legal foundation but also on a mix 
of social advocacy, sociopolitical management decisions, and conservation 
leadership. And in the case of those RLK species that provide ecosystem 
services, act as architects, serve as potential biotechnology products, or oth¬ 
erwise enhance economic well-being, the policy may be undertaken 
because it produces economic benefits or reduces economic risks. 

The implementation phase involves reiteration of many previous steps. 
Considerations from social, economic, and ecological arenas may be reeval¬ 
uated. The initial objectives may be reassessed—and importantly, reprior¬ 
itized. Implementation constraints may require the selection and design of 
the approach to be fine-tuned or outright changed. Implementation also 
requires looking forward to the next steps, because the monitoring plan 
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and adaptive management process will need to be developed and incorpo¬ 
rated into the program structure. Once the planning process has proceeded 
and resolved the major hurdles, and the resulting conservation plan has 
been approved for actual implementation, the infrastructure can be built 
and the approach(es) put to the test on the ground. 


Monitor and Evaluate Success Relative 
to the Goals (Step 13) 

Developing and implementing conservation approaches for RLK species is 
not a linear process; it is cyclical (see fig. 12.1). Once plans are imple¬ 
mented, the final step should include monitoring, adapting management, 
and being accountable to stakeholders. Selected approaches should be 
viewed as experiments, because rarely in our history have we undertaken 
species or systems management to the extent that is now being explored. 
As with any innovation, to ensure our best intentions do not go awry, the 
"test" needs to be checked, and, as necessary, adjustments made to the 
management plan. 

Two monitoring elements are critical for conservation: implementation 
monitoring and effectiveness monitoring. Implementation monitoring is 
designed to assess if specific actions were taken, whereas effectiveness 
monitoring accounts for how well these actions are meeting the initial 
goals. Administrative progress reports may be sufficient to monitor the 
process of implementation, but data collection and analyses will likely be 
needed to assess whether ecological and socioeconomic goals are being 
met. With objectives involving species or ecological systems, repeated 
inventories of species or systems elements will likely be needed to assess 
species or systems status and trends, and to ensure that desired environ¬ 
mental conditions are being maintained or restored. However, conducting 
effective inventories to assess status and trends is difficult when dealing 
with low sample sizes of system responses, such as occurs when monitor¬ 
ing RLK species. This area warrants technique advancement. But there are 
a number of existing methods that may help solve this problem (e.g., 
sequential Bayesian analysis), and as new knowledge is synthesized, our 
ability to reassess and apply effective conservation approaches will be 
enhanced. 

Adaptive management allows the conservation approach to be revised 
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based on new knowledge. With the new knowledge obtained through both 
the experience of program implementation and monitoring for status and 
trends, conservation approach effectiveness can be addressed. More 
broadly, the initial goals and considerations may be readdressed, and with 
the new knowledge from implementation, the conservation plan may be 
redesigned with fine-tuned priorities and a new balance of considerations. 
Time intervals for adaptive management may be contingent upon imple¬ 
mentation schedides and specific tasks being conducted. Nevertheless, 
more regular and frequent intervals might be needed, especially at pro¬ 
gram initiation, when changes can be anticipated. Frequent, iterative fine- 
tuning adjustments to a conservation plan may be preferred over irregular 
or infrequent, larger-scale changes. In some cases, iterative smaller changes 
in a conservation plan may be less dramatic to implement and may result 
in a lessened impact both on the program and on risks to RLK species. 

Accountability blends both the monitoring and the adaptive manage¬ 
ment aspects of this step. Stakeholders will be interested in how the 
approach is implemented and how effective it is and will be interested in 
developing plans to change the approach or implementation process. 
Accountability may reveal the perceived problems of the original design 
and implementation process but will also demonstrate successes and how 
problems are being resolved. Accountability keeps the stakeholders 
engaged in the program and should improve partnership trust. Initial con¬ 
flicts may resurface, but accountability will likely reinforce the importance 
of the goals and priorities and may enrich the program by an infusion of 
stakeholder feedback from their different perspectives. Accountability of 
the conservation approach to the public, beyond primary stakeholders, 
may similarly residt in a recounting of conflicts, but may also increase 
advocacy. 

Accountability can be achieved by a variety of communication avenues 
to diverse audiences. Oral and visual communication routes may reach dif¬ 
ferent people. Oral routes, including stakeholder meetings, workshops, 
conferences, and tours, may be the most effective means to achieve one- 
on-one communication, forging new alliances between individuals. More 
remote visual means of communication could include publications, reports, 
brochures, videos, and Web sites. Involvement of communication special¬ 
ists to help reach target audiences, such as funding agencies and advocacy 
groups, may be a key step for program longevity. 
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Conclusion 

In any given collection of species that inhabit a particular planning area, 
most species will be represented by very few individuals (i.e., most species 
will be rare), and an even greater number of species will be nameless to sci¬ 
ence. The sheer number of species that are either rare or little known pres¬ 
ents difficult challenges to biodiversity conservation. Inclusion of these 
RLK species in conservation programs adds inherent complexity due to the 
potentially large number of species to consider and uncertainty due to the 
fundamental lack of knowledge on their ecologies and natural histories. 
Careful attention is thus needed in prioritizing the selection of species 
based on perceived importance (ecological, social, economic, legal) of the 
species or species group, the probability of support of stakeholders and the 
public for the effort, the availability of expertise to guide information 
gathering and evaluation, and practicality from a programmatic point of 
view. Similar arguments pertain to selection of systems, with an emphasis 
on our ability to characterize and measure the selected system variables. 
When selecting priority species or systems, it is critical to develop a stan¬ 
dardized process that is transparent to all stakeholders and documents all 
assumptions and uncertainties. 

Although our text and associated figure (see fig. 12.1) discuss our sug¬ 
gested implementation process as a linear sequence of steps, we emphasize 
that our process is both cyclical (the last step informs a new first step) and 
contains internal feedbacks among all steps such that the process adapts 
continuously. We believe it is critically important to (1) set clear goals, (2) 
identify measurable short- and long-term objectives, and (3) include learn¬ 
ing objectives to increase knowledge for little-known species. 

We have described a variety of conservation approaches, some focused 
on species and others focused on systems. Each approach has utility and 
each has limitations. It is our hope that resource managers can use infor¬ 
mation we have summarized, evaluate potential approaches considering 
the context of their planning area, and select approaches that will best meet 
their goals and objectives. As shown in chapter 8, no single approach is 
highly effective in providing for species diversity, genetic diversity, and 
ecosystem diversity conservation objectives. Consequently, in most cases, 
a combination of approaches will best meet the full set of ecological goals 
and objectives that managers must meet. For example, approaches designed 
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to meet objectives for RLK species will generally have to be combined with 
approaches for other species and additional approaches that are intended to 
meet ecosystem diversity objectives. 

We have shown that selection of conservation approaches is not solely 
based on biological considerations. Regional economies and communities 
associated with the conservation of RLK may also be complex systems 
characterized by interacting private ownership and public agency respon¬ 
sibilities. The social effects of alternative RLK conservation actions must be 
considered, and these actions should also be separately evaluated for local 
economic impacts and efficiency cost-benefits, nonmarket benefits 
included. Conservation works best when social and economic considera¬ 
tions are integrated early with biological/ecological considerations in 
search of management alternatives that can enhance full measures of 
social, economic, and ecological well-being while conserving RLK species. 

References 

Basak, I., and T. Saaty. 1993. Group decision making using the analytic hierarchy 
process. Mathematical Computer Modeling 17:101-9. 

Cane, J. H., and V. J. Tepedino. 2001. Causes and extent of declines among native 
North American invertebrate pollinators: Detection, evidence, and consequences. 
Conservation Ecology 5:1. http://www.consecol.org/vol5/issl/artl. 

Corn, M. L. 1993. Ecosystems, biomes, and watersheds: Definitions and use. Report 
for Congress. Washington, DC: Committee for the National Institute for the 
Environment, Congressional Research Service. 

Davies, K. F., C. R. Margules, and J. F. Lawrence. 2004. A synergistic effect puts rare, 
specialized species at greater risk of extinction. Ecology 85:265-71. 

DeLeo, G. A., and S. Levin. 1997. The multifaceted aspects of ecosystem integrity. 

Conservation Ecology 1:3. http://www.consecol.org/voll/issl/art3. 

Feldman, D. L., R. A. Hanahan, and R. Perhac. 1999. Environmental priority-setting 
through comparative risk assessment. Environmental Management 23:483-93. 
FEMAT (Forest Ecosystem Management Assessment Team). 1993. Forest ecosystem 
management: An ecological, economic, and social assessment. Washington, DC: 

U.S. Government Printing Office 1993-793-071. Available at: Regional Ecosystem 
Office, P.O. Box 3623, Portland, OR 97208. 

Fisher, R. A., A. S. Corbet, and D. B. Williams. 1943. The relation between the number 
of species and the number of individuals in a random sample of an animal popula¬ 
tion. Journal of Animal Ecology 12:42-58. 

Helles, F., P. Holten-Andersen, and L. Wichmann, eds. 1999. Multiple use of forests 
and other natural resources: Aspects of theory and application. Dordrecht: Kluwer 
Academic. 

Hope, B. K., and J. A. Peterson. 2000. A procedure for performing population-level 
ecological risk assessments. Environmental Management 25:281-89. 

Kintsch, J. A., and D. L. Urban. 2002. Focal species, community representation, and 


Chapter 12. Selection and Implementation of Conservation Approaches 361 


physical proxies as conservation strategies: A case study in the Amphibolite 
Mountains, North Carolina, U.S.A. Conservation Biology 16:936-47. 

Lehmkuhl, J. F., B. G. Marcot, and T. Quinn. 2001. Characterizing species at risk. Pp. 
474-500 in Wildlife-habitat relationships in Oregon and Washington, ed. D. H. 
Johnson and T. A. O'Neil. Corvallis: Oregon State University Press. 

McDonald, T. L., and L. L. McDonald. 2003. A new ecological risk assessment proce¬ 
dure using resource selection models and geographic information systems. 

Wildlife Society Bulletin 30:1015-21. 

Mendoza, G. A., and R. Prabhu. 2000. Development of a methodology for selecting 
criteria and indicators of sustainable forest management: A case study on partici¬ 
patory assessment. Environmental Management 26:659-73. 

Meslow, E. C., R. S. Holthausen, and D. A. Cleaves. 1994. Assessment of terrestrial 
species and ecosystems. Journal of Forestry 92:24-27. 

O'Neil, T. A., R. J. Steidl, W. D. Edge, and B. Csuti. 1995. Using wildlife communities 
to improve vegetation classification for conserving biodiversity. Conservation 
Biology 9:1482-91. 

Raphael, M. G., M. J. Wisdom, M. M. Rowland, R. S. Holthausen, B. C. Wales, B. G. 
Marcot, and T. D. Rich. 2001. Status and trends of habitats of terrestrial verte¬ 
brates in relation to land management in the interior Columbia River basin. Forest 
Ecology and Management 153:63-88. 

Rieman, B. E., D. C. Lee, R. F. Thurow, P. F. Hessburg, and J. R. Sedell. 2000. Toward 
an integrated classification of ecosystems: Defining opportunities for managing 
fish and forest health. Environmental Management 25:425-44. 

Shaw, C. G. 1999. Use of risk assessment panels during revision of the Tongass Land 
and Resource Management Plan. PNW-GTR-460. Portland OR: U.S. Department 
of Agriculture, Forest Service, Pacific Northwest Research Station. 43 pp. 

Sieg, C. H., C. H. Flather, and S. McCanny. 1999. Recent biodiversity patterns in the 
Great Plains: Implications for restoration and management. Great Plants Research 
9:277-313. 

Stolte, K., D. Mangis, R. Doty, and K. Tonnessen. 1993. Lichens as bioindicators of air 
quality. USDA Forest Service General Technical Report. RM-224. Fort Collins, CO: 
U.S. Department of Agriculture, Forest Service, Rocky Mountain Forest and Range 
Experiment Station. 131 pp. 

Thomas, J. W., M. G. Raphael, R. G. Anthony, E. D. Forsman, A. G. Gunderson, R. S. 
Holthausen, B. G. Marcot, G. H. Reeves, J. R. Sedell, and D. M. Solis. 1993. 
Viability assessments and management considerations for species associated with 
late-successional and old-growth forests of the Pacific Northwest. Portland, OR: 
U.S. Department of Agriculture, Forest Service. 523 pp. 

Treitz, P., and P. Howarth. 2000. Integrating spectral, spatial, and terrain variables for 
forest ecosystem classification. Photogrammetric Engineering and Remote 
Sensing 66:305-18. 

Varis, 0.1980. The analysis of preference in complex environmental judgements: A 
focus on the analytic hierarchy process. Journal of Environmental Management 
28:283-94. 

Von Winterfeldt, D. 1992. Expert knowledge and public values in risk management: 
The role of decision analysis. Pp. 321-42 in Social theories of risk, ed. S. Krimsky 
and D. Golding. Westport, CT: Praeger. 

Watson, V. 1997. Working toward operational definitions in ecology: Putting the 


362 CONSERVATION OF RARE OR LITTLE-KNOWN SPECIES 


system back into ecosystem. Bulletin of the Ecological Society of America 
78:295-97. 

Williams, C. 2000. Risk and uncertainty, science and management. Natural Areas 
Journal 20:307. 

Wright, R. G., J. M. Scott, S. Mann, and M. Murray. 2001. Identifying unprotected 
and potentially at risk plant communities in the western USA. Biological 
Conservation 98:97-106. 


Contributors 


Aaron J. Douglas received a BA in economics from the University of 
Chicago and a doctorate in economics from Stanford. He taught economics at 
the University of California at Berkeley and was a research associate at 
Harvard. He received an MS in forestry from the University of Arizona at 
Tucson in 1986. After leaving Tucson, he was hired by the U.S. Fish and 
Wildlife Service and now works for the U.S. Geological Survey as a resource 
economist. 

Curtis H. Flather is a research wildlife biologist and landscape ecologist with 
the USDA Forest Service at the Rocky Mountain Research Station in Fort 
Collins, CO. He also holds affiliate faculty appointments within the 
Department of Fish, Wildlife, and Conservation Biology and the graduate 
degree program in ecology at Colorado State University. He received his BS 
from the University of Vermont, and his graduate degrees from Colorado 
State University. 

Richard S. Holthausen retired after 28 years with the U.S. Forest Service, 15 
of which were spent as the agency's national wildlife ecologist. In that position 
he was involved in large-scale efforts, including the Northwest Forest Plan, 
Interior Columbia Basin Ecosystem Management Plan, Tongass Forest Plan, 
and Sierra Nevada Framework. He was also involved in developing direction 
for implementation of the National Forest Management Act, including provi¬ 
sions for species viability. 

Richard L. Johnson applies economic theory and private market incentives 
to improve public sector decisions. He has been an economist with the U.S. 
Interior Department for more than 30 years, developing input-output meth¬ 
ods for estimating economic impacts, and nonmarket valuation methods for 


363 


364 CONSERVATION OF RARE OR LITTLE-KNOWN SPECIES 


better including natural resources in public policy decisions. He led an intera¬ 
gency economics team to estimate the economic implications of designating 
critical habitat for the northern spotted owl. He worked in a multidisciplinary 
team to better integrate economic development and ecological conservation 
through adaptive environmental assessment and management. Currently, he 
is developing market incentives to conserve biological and cultural diversity in 
developing countries. He received his BS and MS from Utah State University 
and additional graduate work at University of Minnesota and at Michigan 
State University. 

Bruce G. Marcot is a research wildlife biologist with the Ecosystems 
Processes Research Program of the USDA Forest Service in Portland, Oregon. 
He participates in applied science research and technology application projects 
dealing with older-forest management, specifically on modeling of rare and lit¬ 
tle-known species, assessment of biodiversity, and ecologically sustainable for¬ 
est management. He has served on numerous regional assessment teams, 
including the Interior Columbia Basin Ecosystem Management Project and 
the Forest Ecosystem Management Assessment Team, and has worked on for¬ 
est conservation and ecology in India, Congo, Canada, and many other loca¬ 
tions. He received a BS in natural resources planning and an MS in wildlife 
management at Humboldt State University in Areata, California, and a PhD in 
wildlife science at Oregon State University, Corvallis. 

Nancy Molina is a consulting ecologist with Cascadia Ecosystems, Gresham, 
Oregon. She is retired from the USDA Forest Service and USDI Bureau of 
Land Management, where she helped guide the interagency Northwest Forest 
Plan's rare and little-known species conservation effort from which this book 
developed. 

Randy Molina is a research botanist and team leader for forest mycology, 
USDA Forest Service, Pacific Northwest Research Station, Portland, Oregon 
(retired). He specializes in the ecology, ecosystem function, conservation, and 
management of fungi in forest ecosystems. 

Deanna H. Olson is a research ecologist with the USDA Forest Service, 
Pacific Northwest Research Station in Corvallis, Oregon. She earned a BS from 
UC San Diego in 1980 and a PhD in 1988 from the Department of Zoology at 
Oregon State University. She maintains courtesy appointments at Oregon 
State University (Departments of Zoology, Fisheries and Wildlife, Forest 
Resources), serves as associate editor for Herpetological Review, and is region¬ 
al chair for the Pacific Northwest section of Partners for Amphibian and Reptile 
Conservation and the Declining Amphibian Populations Task Force. Her 
research interests examine issues of conservation biology, behavioral ecology, 


Chapter 1. Introduction 365 


and population and community ecology of amphibians in western Oregon. 
Ongoing work includes examining the effects on various fauna of forest man¬ 
agement practices, landscape designs, and policies. 

John D. Peine is a research sociologist with the U.S. Geological Survey sta¬ 
tioned at the Southern Appalachian Field Lab on the campus of the University 
of Tennessee at Knoxville. He is an adjunct professor with the Department of 
Forestry, Wildlife and Fisheries and is a member of the Institute for a Secure 
and Sustainable Environment at the university. From 1982 to 1992 he was the 
research administrator at Great Smoky Mountains National Park. He edited a 
book on the principles and practices of ecosystem management and was the 
lead author of a book chapter on the contributions of sociology on ecosystem 
management. He received his BS from Purdue University and his MS and PhD 
from the University of Arizona. 

Martin G. Raphael is a research wildlife biologist and team leader with the 
USDA Forest Service, Pacific Northwest Research Station, Olympia, 
Washington. He also holds an affiliate faculty appointment with the College 
of Forestry, University of Washington. He received a BA from California State 
University at Sacramento and BS, MS, and PhD degrees from the University 
of California, Berkeley. His research interests include ecology and conserva¬ 
tion of at-risk vertebrates, especially species associated with older-forest 
ecosystems in the Northwest. 

Carolyn Hull Sieg is a research ecologist with the USDA Forest Service, 
Rocky Mountain Research Station. Until 2000, she was stationed in Rapid 
City, South Dakota, and served on the recovery team for the federally listed 
threatened western prairie fringed orchid. She is coauthor of population via¬ 
bility exercises for a conservation biology workbook, a book on historical ecol¬ 
ogy of eastern North Dakota, and a book chapter on exotic invasive species. 
She is now stationed at the Flagstaff, Arizona lab. She received her BS and MS 
from Colorado State University and her PhD from Texas Tech University. 

Cindy S. Swanson is the director of Watershed, Wildlife, Fisheries and Rare 
Plants for the Northern Region (Montana, Northern Idaho, and North 
Dakota) of the USDA Forest Service, Missoula, Montana. She previously 
served on the wildlife and fisheries staff in the Washington office of the USDA 
Forest Service. She has published extensively in the area of nonmarket valua¬ 
tion, with a focus on wildlife and fish values. She is a coeditor and author of 
several chapters in Valuing Wildlife Resources in Alaska (Boulder: Westview 
Press, 1992). She received her PhD at Ohio State University in natural 
resource economics in 1994 and has earlier degrees in wildlife biology and eco¬ 
nomics from the University of Wyoming. 



Index 


Absence, 108-109, 116 
Abundance, 44, 45-46, 54, 56, 111 
Accountability, 304, 318-325, 327-328, 358 
Adaptations, ecological uncertainty and, 78 
Adaptive management, 304, 325-326, 
357-358 

Adaptive radiation, 7-8 
Administrative considerations, 350-351 
Aesthetics, 242-244 
Agriculture, 50-51 

Algorithms, reserve creation and, 153-154 
Alien species, 49, 50, 84,175,176 
All-Taxa Biodiversity Inventory, 238 
Amphibolite Mountains, 142 
Analytic hierarchy process, 340 
Annual reports, 328 

Anthropogenic causes. See Extrinsic causes 
of rarity 

Antitrust enforcement, 279 
Ants, global biomass of, 7 
Appalachian Mountains, 248, 260 
Approach selection. See Selection of 
conservation approach 
Arthropods, 73 

Australia, 8, 57-58,138,198-199, 222 
Authority, implementation and, 304, 
305-309, 356 

Bald eagles, 143 
Barred owls, 193 
Bayesian belief networks, 134 
Beavers, 174 

Benefit-cost analyses, 286-287 


Best Sustainability Practices, 260 
Biases, 312-314 

Biochemical cycle alteration, 49, 

50-51 

Biodiversity, 4-5, 20-22, 41^2. See 
also Ecosystem diversity; Species 
diversity 

Biodiversity indicator species, 128, 
141-142, 201-203 
Bird-watching, 294 
Bison, 143,178 
Boundaries, 307-308, 336 
Brazil, 322-323 
Buffalo, 143,178 

Bureau of Land Management (BLM), 19, 
75-76, 79-83, 281, 282 
Burning, 166, 177-178 
Butterflies, 136,142, 201-202 

Capability, 304, 318-325, 356 
Capitalism, 32, 276-281 
Carrying capacity, rarity and, 48 
Catalysts, 322-323 
Catastrophes, 133 

Centers of concentration, 129,148-150, 
211-212 

Classification systems, 54—59, 341-342 
Climate changes, 8, 175 
Coarse- and fine-filter management, 126, 
172 

Coase theorem, 280 
Coendangerment, 48, 85 
Collaboration, 30, 256-257 


367 


368 Index 


Columbia basin (US), 10,146,199, 207, 
214-216. See also Interior Columbia 
Basin Ecosystem Management Project 
Common-pool resources, 279 
Communication, 264, 304, 328-329, 358 
Competitive Enterprise Institute, 256 
Competitive free markets, 273-274 
Complementarity, 41^3, 152-153 
Confusion matrices, 108 
Consensus building, 259-261 
Conservation, 98-104. See also Species- 
level conservation approaches; 
System-level conservation approaches 
Conservation approach selection. See 
Selection of conservation approach 
Conservation areas, 150-155, 212-214 
Conservation Habitat Plans, 254—255 
Conservation International (Cl), 328 
Conservation priority, 54-59, 98-99 
Conservation reserve networks, 150-155 
Conservation strategies, 251-252 
Constrained market capitalism, 32, 276 
Contingent valuation method (CVM), 287, 
290-292 

Cost-benefit analyses, 286-287 
Cost-effectiveness analysis (CEA), 287-288 
Creation Care, 243-244 
Critical ecological roles, 172-174, 219-220 
Cultural values, 85, 249-250 

Databases, 76, 112 
Data mining, 109 
Decision making 
application of, 263-264 
approach selection and, 352 
consensus building and, 259-261 
economics and, 275-276 
institutional influence on, 253-254 
role of science in, 262 
safe minimum standards and, 288 
social dimensions of, 256-258 
stakeholder perspectives and, 258 
support systems and, 261-262 
Degradation, increased rarity and, 48^9 
Detectability, 46, 67-72,103,108-109,116 
Distribution 

classification and, 54, 56, 57 
ecological uncertainty and, 77 
rarity and, 44, 45^6 
spatial occurrence pattern vs., 56 
Survey and Manage program and, 81, 82 


Distributional uncertainty, 72, 74-76 
Disturbances 

conservation approaches and, 166 
ecosystem diversity objectives and, 
222-223 

exotic species and, 50 
genetic diversity objectives and, 222 
reserve creation and, 151 
restoration of, 175-178 
selection of species for restoration and, 
23-24 

species diversity objectives and, 
221-222 

Diversity of habitat conditions, 172-174, 
217-220 

Double jeopardy, 52 
Drivers, 303 

Earmarking, 312 

Ecological diversity, 218-219, 220 
Ecological knowledge, 87 
Ecological processes, 28-29 
Ecological Society of America (ESA) 
publications, 10-13 
Ecological sustainability, 17-18, 21-22 
Ecological uncertainty, 72, 76-78 
Ecological understanding, 106 
Ecology, 84-85,180-181, 349-350 
Economic analysis, 33-34 
Economic growth, 273-275, 296-297 
Economic impact analyses, 285-286 
Economics 

approach selection and, 352-353 
benefit-cost analysis and, 286-287 
capability and, 318 
conservation efforts and, 34 
cost-effectiveness analysis and, 
287-288 

decision making and, 275-276 
economic impact analyses and, 

285-286 

empirical estimates of values and, 
293-294 

framework development for, 276-277 
goals of, 32 

green national accounts and, 294-296 
growth and, 273-275, 296-297 
National Forest Management Act and, 
20 

nonmarket benefits and, 289-293 
positive, 276-277 


Index 369 


property rights and, 281-283 
pure market capitalism and, 277-280 
of rarity, 283-285 
safe minimum standards and, 288 
structure and welfare values and, 248 
total economic value and, 288-289 
Ecosystem diversity 
biodiversity indicator species and, 203 
conservation goals for, 27-29, 188 
disturbances and, 222-223 
flagship species and, 203 
focal species and, 200 
guilds and, 206-207 
habitat assemblages and, 208 
hot spots and, 212 

key ecological functions and, 224-225 
location of target species and, 210-211 
range of natural variability and, 216-217 
reserve creation and, 213-214 
umbrella species and, 197-198 
Ecosystem engineers, 166,173-174, 219 
Ecosystem function, 5-6, 41 
Ecosystem services, 284-285 
Ecosystem traits, 48 
Ecosystem types, 27-28, 336 
Education, 247 

Effectiveness monitoring, 187-191, 
225-229, 327, 357 
Effective population size, 132 
Efficiency, reserve creation and, 152-153 
Endangered Species Act (ESA) 
administration of, 254-255 
causes of species rarity and, 49 
economics and, 275 
implementation and, 306 
objectives of, 19 
property rights and, 281 
taxonomic bias and, 312-314 
Endemism, 148 
Enlibra, 263 

Entire guilds. See Guilds (entire) 

Entire habitat assemblages, 207-208 
Entropy reduction, 107 
Environmental Impact Assessment (EIA) 
Law (China), 9 

Environmental Impact Assessments (US), 
19 

Environmental Protection Act (India), 9 

Equilibrium, 168, 286 

Equitable inclusiveness, 30-31, 239 


Errors, 105-106, 111, 149-150. See also 
Uncertainty 

Escape, aesthetics and, 243 
Etowah River, 260-261, 264, 265 
Evolutionary ecology, 7-8 
Evolutionary history, 27 
Evolutionary significant units (ESUs), 
339 

Exotic species, 49, 50, 84,175,176 
Externalities, 274, 280 
Extinction criteria, 57 
Extinction risk, 8, 40, 41, 53 
Extrinsic causes of rarity, 48-51, 52, 56 

Facilitative hypothesis, 41-43 
Families, 246-247, 249-250 
Federal land management agencies, 
254-255 

Federal Land Policy Management Act 
(FLPMA), 19 
50-500 rule, 131 
Final demand, 285-286 
Fine-filter management, 126,172 
Fires, 166,177-178 
Fish and Wildlife Service, 58, 281, 
282-283 

Flagship species, 128,142-144, 203-204 
Flexibility, 257, 306-307 
Florida Panther National Wildlife 
Refuge, 248 

Focal species, 127, 137-139,142,198-200 
Food webs, 167,180-181 
Forest Ecosystem Management 
Assessment Team, 223, 339 
Forestry and National Park Estate Act, 8 
Forest Service (US), 19, 20, 22, 79-83, 
281-282 

Frameworks, economic, 276-287 
Free markets, 273-274 
Functional approaches, defined, 165 
Functional extinction, 7 
Functional grouping, 98 
Funding, implementation and, 356 
Fungi, 71-77, 85, 202 
Future dynamics, 168-169 

Gap analysis, 149 
Genetic bottlenecks, 25-26 
Genetic diversity 

biodiversity indicator species and, 203 
conservation goals for, 25-27, 188 


370 Index 


Genetic diversity ( continued) 
disturbances and, 222 
flagship species and, 203 
focal species and, 199-200 
guilds and, 206 
habitat assemblages and, 208 
habitat conditions and, 218, 220 
hot spots and, 212 
key ecological functions and, 224 
location of target species and, 210 
population viability analyses and, 
194-195 

range of natural variability and, 216 
reserve creation and, 213 
umbrella species and, 197 
Genetic drift, 26 

Geographically based conservation 

approaches, 129,146-147, 208-214 
Geographic range. See Distribution 
Geomorphic agents, 166, 173-174, 219 
Global (G) ranking, 56 
Goal hierarchies, 340 
Goshawks, 180,195, 223-224 
Government intervention, 276, 278-281 
Governments, 281-283 
Grazing, 166,178, 218 
Great Smoky Mountains National Park, 
75, 238, 241, 250 

Green national accounts, 294-296 
Gross domestic product (GDP), 274 
Grouse, 136,196 
Growth, economics and, 273-275 
Guilds (entire), 128,144-145, 205-207 
Guild surrogates, 127-128,139-140, 
144-145, 200, 205 

Habitat assemblages, 128-129, 145-146 
Habitat degradation, 48^9 
Habitat disturbance effects, 144 
Habitat diversity, 172-174, 217-220 
Habitat fragmentation, 193 
Habitat loss, 48-49 
Habitat modeling, 104-110 
Habitat specificity, 54, 81, 82 
Habitat suitability, 48, 109, 154-155 
Herbivory, 166, 178, 218 
Heritage, 244, 249-250 
Heterogeneity, 175 

Heuristic reserve design algorithms, 153 
Historical reconstruction, 168-171,176 
Holistic perspective, 31, 239, 312 


Hot spots, 129,148-150, 211-212 
Hybridization, 50 

Identification difficulties, 67-72. See also 
Taxonomy 
Implementation 

accountability and, 304, 318-325 
adaptive management and, 304, 
325-326 

authority and, 304, 305-309 
capability and, 304, 318-325 
communication and, 304, 328-329 
conservation approach and, 355-357 
considerations for, 303-305, 329-330 
monitoring and, 304, 327-328 
priorities and, 304, 309-315 
uncertainty and, 304, 306-318 
Implementation monitoring, 327, 357 
Inbreeding depression, 25-26 
Incentives, 251-252 
Inclusiveness, 30-31, 239 
India, 8-9, 51,143 

Information gathering, 101-104, 292, 
313, 317 

Innovations in Species Conservation 
Symposium (ISCS), 245, 257, 

264 

Input-output (I-O) model, 285-286 
Institutional dynamics and risk-taking, 
252-255 

Institutional frameworks, 31-32, 239 
Institutions, 352 
Insurance, natural, 250-251 
Intergovernmental Panel on Climate 
Change, 262 

Interior Columbia Basin Ecosystem 
Management Project, 22, 67-68, 

112,168,179-180 
International Union for the 

Conservation of Nature and Natural 
Resources (IUCN), 50, 57, 59 
Internet, 76, 329 
Interventions. See Government 
intervention 

Intrinsic causes of rarity, 47^8, 51-52, 
56 

Invasive species, 49, 50, 84, 175, 176 
Invertebrates, 6, 102 
Island biogeography, 151-152 
Island systems, 50 
Isolation, 26-27 


Index 371 


Key ecological functions (KEFs), 167, 
179-180, 223-225 

Key habitat conditions, 172, 217-219 
Keystone predators, 6 
Keystone species, 5,166,172-173, 219 
Kitzhaber, John, 263 
Knowledge, increasing, 10-13 
Konza Prairie Research Natural Area, 178, 
221-222 

Land ownership. See Property rights 
Land transformations, 48^9, 52 
Land Trust Alliance, 265 
Late-successional old-growth (LSOG) 
forests, 79-83 

League of Conservation Voters, 256 
Leavitt, Michael, 263 
Legal issues, 305 
Lichens, 69, 71, 344 
Life histories 

conservation approach and, 346 
detection, identification and, 71 
ecological uncertainty and, 77 
prediction using, 134 
rarity and, 47^8 

Survey and Manage program and, 80 
threat categorization and, 53-54 
Little-known species 
definitions of, 1-2, 5, 93-94 
distributional uncertainty and, 72, 74—76 
ecological uncertainty and, 72, 76-78 
as keystone species, 173 
taxonomic uncertainty and, 72-74 
Locations of target species at risk, 69, 71, 
147-148, 209-211 

Macroeconomic models, 32-33 
Macrohabitat groups, 128-129, 145-146 
Maintenance of system processes and 
functions 

conservation goals and, 100 
disturbance regimes and, 175-178 
diversity of habitat conditions and, 
172-174 

fire and, 177-178 
food webs and, 180-181 
herbivory and, 178 

key ecological functions and, 179-180 

overview of, 166-167,174—175 

range of natural variability and, 167-172 


Mammals, 137 
Management approaches 
conservation approach and, 345, 346 
entire guild approach and, 144, 
205-207 
evaluation of, 14 
identification of, 3^1 
Survey and Manage program and, 81, 
82 

use of information for, 114-118 
Management indicator species (MIS), 
128,140-141, 201 
Mapping, appeal of, 149 
Market capitalism, 32, 276-281 
Maslow, Abraham, 244—245 
Medicinal benefits, 85, 293 
Metapopulation dynamics, 113,130, 133 
Method selection. See Selection of 
conservation approach 
Mexico, 50, 58 
Microhabitats, 77 
Microspiders, 6, 70 
Minimum viable populations (MVP), 
131-132 

Mitigation, 79-83 
Modeling, 77-78,104-110,112 
Molecular approaches, 73 
Monitoring, 100, 304, 327-328, 357-358 
Montreal Process, 20-21, 29-30 
Morphospecies groups, 88 
Multiattribute utility theory, 340 
Multiobjective risk management, 340, 
344 

Multiple criteria analysis, 340 
Multiple criteria decision making, 340 
Multiple Use-Sustained Yield Act of 
1960, 18 

National and Provincial Natural 

Monument Laws (Argentina), 9 
National Environmental Policy Act 
(NEPA), 19, 264 

National Forest Management Act 
(NFMA), 19-20, 201, 306 
National Park Service, 281, 283 
National Park Service Organic Act, 18 
National (N) ranking, 56 
National Wildlife Refuge System 
Administration Act, 18 
Natural causes of rarity, 47^8, 51-52, 
56 


372 Index 


Natural Community Conservation Plans 
program, 309 

Natural insurance, 250-251 
Natural landscapes, 243 
Natural patterns of abundance, 24 
Nature Conservancy (TNC), 325 
NatureServe classification, 49, 56-57 
Negative externalities, 280 
Nesting status, 115-116 
New environmental paradigm (NEP) scale, 
241 

Niche differentiation, 41 
Nitrogen fixation, 84 
Nonmarket values, 33-34, 289-290, 
290-293 

Nonrival resources, 275 
Normative economics, 273 
Northern Great Plains grazing plan, 218 
Northern spotted owls. See Spotted owls 
Northwest Economic Adjustment Initiative 
(NEAI), 288 

Northwest Forest Plan, 99, 314, 341. See 
also Survey and Manage program 
Nutrient cycling, 84 

Occupancy rates, 78 
Organic Act, 18, 281 
Overexploitation, 49, 51, 52 
Owls, 193. See also Barred owls; Spotted 
owls 

Ownership. See Property rights 
Parataxonomy, 88 

Partnerships for Enhancing Expertise in 
Taxonomy (PEET), 73-74 
Pathogenesis, 50 
Perception, 317 

Persistence, 81, 82, 98,154-155 
Perspectives, 242, 255, 258 
Pesticides, 50 

Planning activities, 9-10, 19-20, 22 
Planning areas, delineation of, 336 
Political influence, 256, 352 
Pollination, 48, 84 
Pollution, 49, 50-51 
Population dynamics, 245-246 
Population recovery efforts, 51-52 
Population size, 25, 41, 57 
Population viability, 53-54, 127, 129-134 
Population viability analyses (PVA), 22 
criticisms of, 130-131 


effectiveness of, 132-133, 226 
genetic diversity objectives of, 194—195 
overview of, 25-26, 98,191-192 
species diversity objectives of, 192-194 
threat categorization and, 53-54 
Population viability evaluations (PVE), 
98 

Population viability metrics, 98 
Positive economics, 273, 276-277 
Poverty, 248 

Prairie chickens, 137, 259, 265 
Precautionary principle, 54 
Predation, 50, 180 
Predication variables, 106-107 
Prescriptive economics, 277 
Preservation costs, 250, 284 
Primates, 143, 323 
Priorities, 304, 309-310, 309-315 
Process restoration, 176 
Project Vote Smart, 256 
Property rights, 241, 273-274, 278, 
280-283, 307, 337 
Protected areas, 150-155 
Public land ownership. See Property 
rights 

Public perception, 240-241 

Quantile definition of rarity, 44^5 
Quantitative risk analysis, 340 

Rabinowitz's classification strategy, 54, 
55, 134 

Range, ecological uncertainty and, 77 
Range of natural variability (RNV), 
167-172, 214-217 
Rarity. See Species rarity 
Rarity cutpoint, 44—45 
Reconstruction, 168-171, 176 
Recovery potential, 50, 319 
Rediscovered species, 95-96 
Red List of Threatened Species, 50, 57, 

59 

Redundancy hypothesis, 41-43, 179 
Refuge Improvement Act, 281 
Regional economic analyses, 285-286 
Regional Forest Agreements (RFAs), 8 
Regulations, 8-9, 18-20 
Relativity, 44 

Representativeness, 152-153 
Reserves, 150-155, 212-214 
Residency, 250 



Index 373 


Resilience, 29, 179 
Resource abundance, 173, 279 
Resource distribution, 173, 279 
Risk analyses, 117, 304, 306-318, 340, 
343-344 

Risk attitude, 116-117 

Risk of extinction, 316 

Risk taking, 30 

Risk to persistence, 316 

Rule induction algorithms, 109-110 

Safe minimum standard (SMS), 288 
Safety, 247-248 
Sampling artifacts, 46 
Sampling methods, 101-104, 292, 313, 317 
Scale, 43, 45, 78,100-101,103 
Science, 98, 262, 264-265, 310-311, 339 
Seed dispersal, 48 
Selection of conservation approach 
addressing risk factors and, 345-349 
administrative considerations and, 
350-351 

approaches for consideration and, 

353- 354 

approach selection, development and, 

354- 355 

ecological effects and, 349-350 
economic effects and, 352-353 
geographic area, scope and, 336 
implementation and, 355-357 
information collection, assessment and, 
342-343 

monitoring, evaluation and, 357-359 
overview of, 334—336, 359-360 
risk factors and, 343-344 
selection of species, systems and, 338-342 
social, economic, ecological requirements 
and, 337-338 

social considerations and, 351-352 
synthesis and, 343 
Selection pressures, 26-27 
Shape, reserve creation and, 152 
Sharp-tailed snakes, 95,104 
Sheyenne National Grassland, 194, 337 
Sierra Nevada Framework, 341 
Sierra Nevada Mountains, 195 
Sierra Nevada National Forest Plan, 215 
Siltation, 50-51 

Single large or several small (SLOSS) 
debate, 152 
Site occurrence, 77 


Skagit River Bald Eagle Natural Area, 
294 

Snakes. See Sharp-tailed snakes 
Socal function, defined, 237 
Social considerations 
approach selection and, 351-352 
decision making and, 256-258 
implementation and, 309 
implications of little-known species 
and, 84-85 

overview of, 29-30,105, 238-239 
Social processes, defined, 236-237 
Social structure, defined, 236 
Social values, 240-244 
Soils, 84,174 
Solitude, 243 

Source habitats analysis, 146 
Southeastern Ecological Framework, 246, 
251 

Spatial occurrence pattern, 56 
Special state protection statue, 9 
Species assemblages, 151 
Species at Risk Act (Canada), 57 
Species composition, 24, 150, 171 
Species counts, 24,150 
Species diversity 

biodiversity indicator species and, 
201-203 

conservation goals for, 22-24, 188 
disturbances and, 221-222 
flagship species and, 201-203 
focal species and, 198-199 
guilds and, 205-206 
habitat assemblages and, 207-208 
habitat conditions and, 217-218, 
219-220 

hot spots and, 211 
key ecological functions and, 224 
location of target species and, 209-210 
population viability analyses and, 
192-194 

range of natural variability and, 
214-216 

reserve creation and, 212-213 
umbrella species and, 196-197 
Species-habitat modeling, 104-110 
Species-level conservation approaches 
approach selection and, 339, 346, 
347-348 

biodiversity indicator species and, 
141-142 


374 Index 


Species-level conservation approaches 
( continued ) 
categorization of, 126 
entire guilds and, 144-145, 205-207 
entire habitat assemblages and, 207-208 
flagship species and, 142-144 
focal species and, 137-139 
geographically based approaches for, 

146- 147, 208-214 

guild surrogates and, 139-140,144-145 
habitat assemblages and, 145-146 
hot spots and, 148-150, 211-212 
locations of target species at risk and, 

147- 148, 209-211 

management indicator species and, 128, 
140-141, 201 

overview of, 187,191-195, 229 
population viability and, 129-134 
reserve creation and, 151-152, 212-214 
reserve networks and, 150-155 
summary of, 127-129 
surrogate species and, 134-135 
umbrella species and, 135-137 
Species rarity 
causes of, 46^7 

conservation priority and, 54-59 
definitions of, 1-2, 5, 44-46 
economics of, 283-285 
extinction risk and, 53 
extrinsic factors causing, 49-51 
identification of rare species and, 44^6 
intrinsic factors causing, 47-48 
management implications and, 51-53 
overview of, 8-9, 40, 59-60 
reasons for importance of, 41-44 
threat and, 53-54, 83-84 
types of, 93-94, 118 
Species richness, 113-114,150 
Species traits, 47-48 
Spirituality, aesthetics and, 243-244 
Spotted owls 

designation of critical habitat and, 255 
determination of nesting status of, 
115-116 

as flagship species, 143, 193-194 
perspective and, 242, 255 
Survey and Manage program and, 79 
as umbrella species, 136,193-194, 
196-197,198 
uncertainty and, 114 
Stakeholder perspectives, 258 


Standardization, 342-343 
Stankey, George, 257 
State boundaries, 307-308, 336-337 
State Heritage Program databases, 148 
State Historic Preservation Officers, 

250 

State (S) ranking, 56 
Statistics on rare and little-known 
species, 67-72 

Stewardship, 240-242, 245, 250, 

251-252 
Story, Tom, 245 

Structural approaches, defined, 165 
Structural restoration, 176 
Structural stages, 27-28 
Structure and welfare values 
definitions for, 236 
education and, 247 
family structure and, 246-247 
overview of, 244-245 
population dynamics and, 245-246 
poverty and, 248 
safety and, 247-248 
Substitution, 41^3,179 
Support systems, 261-262 
Surrogate species 

biodiversity indicator species as, 128, 
141-142, 201-203 
conservation planning and, 87-88 
effectiveness of, 229 
flagship species as, 128, 142-144, 
203-204 

flagship species vs., 143 
focal species as, 127,137-139,198-200 
guild surrogates as, 127,139-140, 200, 
205 

management indicator species as, 128, 
140-141, 201 
overview of, 134—135 
umbrella species as, 127,135-137, 
195-198 

Survey and Manage program 
capability and, 323-325 
implementation and, 306 
location of target species and, 147 
modeling objectives and, 105 
overview of, 79-83, 87 
species diversity objectives of, 209-210 
strategic surveys and, 317 
uncertainty and, 114 
Surveys, 103, 292, 313, 317 


Index 375 


Symbiotic relationships, 48, 85 
System-level conservation approaches 
approach selection and, 346, 347-348 
categorization of, 126 
disturbance regimes and, 175-178, 
221-223 

diversity of habitat conditions and, 
172-174, 217-220 
fire and, 177-178 
food webs and, 180-181 
herbivory and, 178 

key ecological functions and, 179-180, 
223-225 

overview of, 165,174-175,187,191-195, 
204, 229 

range of natural variability and, 167-172, 
214-217 

summary of, 166-167 

Target species. See Focal species 
Taxonomic uncertainty, 72-74, 312-314 
Taxonomy, 73-74, 98-99, 338-341 
Taxon-size effect, 48, 60 
Technology, 261-262 
Threat, species rarity and, 53-54 
Threat assessments, 83-84, 87 
Total economic value, 288-289 
Tourism, 293-294 
Tragedy of the commons, 279 
Travel-cost method (TCM), 287, 290-292 
Trends in conservation status, 142 
Trophic structure, 180-181 

Umbrella effect, 136-137 
Umbrella species 

conservation approaches and, 127, 
135-137 


ecosystem diversity objectives and, 
197-198 

genetic diversity objectives and, 197 
overview of, 195-196 
species diversity objectives and, 
196-197 
Uncertainty 
dealing with, 110-114 
habitat modeling and, 108 
implementation and, 316-318 
population viability analyses and, 98 
species status and, 57, 72-78, 86-87 
USD A, 18, 75,140-141,170-171 

Validation monitoring, 327 
Values, 239, 352. See also Cultural 
values; Nonmarket values; Social 
values; Structure and welfare values 
Variability, 43,152,167-172, 214-217 
Variance reduction, 107 
Viability, 99, 113 

Viability assessments. See Population 
viability analyses (PVA); Population 
viability evaluations (PVE) 

Welfare values. See Structure and 
welfare values 
Wilderness Act of 1964,18 
Wildlife Protection Act of 1972 (India), 
8-9 

Willingness to accept (WTA), 289 
Willingness to pay (WTP), 289 
Woodpeckers, 193, 196 

Yellowstone National Park, 213-214, 293 

Zoogeomorphology, 166, 173-174, 219 



